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'  It  will  perhaps  be  as  well  to  distinguish  three  spedes  and  degrees 
of  ambition.  First,  that  of  men  who  are  anxious  to  enlarge  their 
own  power  in  their  country,  which  is  a  vulgar  and  degenerate 
kind ;  next,  that  of  men  who  strive  to  enlarge  the  power  and 
empire  of  thdr  country  over  mankind,  which  is  more  dignified  but 
not  less  covetous ;  but  if  one  were  to  endeavour  to  renew  and 
enlarge  the  power  and  empire  of  mankind  in  general  over  the 
universe,  such  ambition  (if  it  may  be  so  termed)  is  both  more 
sound  and  more  noble  than  the  other  two.  Now  the  emjnre  of 
man  over  things  is  founded  on  the  arts  and  sciences  alone,  for 
nature  is  only  to  be  commanded  by  obeying  her.  * — Bacok,  Nmmm 
Of^gauum,  cxxix. 
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AUTHOR'S  PREFACE 


Materia!^  for  the  facts  and  flgureti  ^oiipcd  together  in  this 
irurk  bsiw  bciii  uiaiiilv  ^atlieret-l  from  such  oHicitiJ  puhlii/ations 
And  Govt-minent  records  hs  asv  readily  accessible  to  a  writer 
in  En^andi^  as  well  as  fn>ni  niuiR-nnis  pulilisfied  volumes  or 
rc|>urts  dealing  with  separate  l)rnnehe$  of  Indian  Public 
Workjs  or  Inilian  and  English  Kngineering,  and  (by  kind 
pmnfcsdon)  from  in^xny  di^scriptlve  papers  on  Indian  subjects 
mul  At  \aritim  time*  iK'fore  the  Institution  of  Civil  Engineers, 
Where  distinct  verbal  quotations  ha\tr  Ix'on  made  they  are 
tD«iicattHj  by  the  f*M)tnntes  or  otherwise,  but  freijucntly  where 
the  ^Mieml  imbstane^  of  passages,  or  of  statistics,  has  been 
(mmphrasinl  and  condensed,  it  lias  not  Ix'en  deemed  necessary 
to  burden  the  volume  with  constant  reftrences. 

With  n^ganl  to  the  spelling  of  Indian  names  and  terms,  it  in 
fciuvd  tliat  some  unintentional  deviations  from  the  ortliodox 
^'fitt*m  may  lie  fonnd.  The  ])opular  spelling  of  names  of 
>nj|HirtAnt  and  well-known  places  haa^  of  coursic,  been  adhered 
to,  and  with  respect  to  the  rentainder,  the  indulgence  of  tiiosc 
desiring  »ev€re  accuracy  in  tins  njatter  h  craved. 

A  precise  and  detailed  history  of  Indian  Public  Works  is  a 
Mibjcct  that  wouhl  anjply  repay  the  time  and  laboiir  s[jent  on 
rtai  produetion.  The  present  work  liarely  indicates  even  the 
outline  of  «nch  a  liif*tory,  and  has  a  far  humbler  and  less 
AmhiHou6  aim.  It  is  ho|>ed,  however,  that  tJie  data  contained 
in  it  may  Im;  of  »ome  service,  as  well  as  interest  to  the  unprofes- 
«i<«D4d  reader,  as  bringing  before  him  in  a  collected  form  much 
■cmttisvd  iufonuatinu  of  a  kind  valii/dile  to  all  tho^c  interested 
Id  the  {VogrcBB  of  Indnu    Some  of  the  principal  books,  reports, 
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HilHE  ^till  liii^'iti  in  tlie  miiul  i>f 
the  pn-^^iit  ^enomtion  of  Aiiglo- 
Indmns  an  old  HMviug  tc»  tlit?  ett'ect 
that  if  the  Eiv^lisli  were  to  retire 
from,  or  Ik'  drivvn  out  of  LuHu  lo- 
inurrow,  tlit-y  would  Wave  as  the 
only  niominirnt  of  their  rule  in 
tliat  fountrv  *ThL'  Gnind  Trunk 
Hofid,  and  a  pyraiiiid  oi'  empty  In^er 
bottlvs.^  It  need  liardly  bo  said 
that  this  satirieAl  dictum,  like 
mauv  Hiiothur  which  was  imtv,  |K*r- 
hajK,  just  pointed  enough  to  prtek, 
lla^  Uni^  rKiucv  lost  all  *it'iid>lmice  of  epigram.  At  the  pr<rsent 
day  no  in&trurteii  jktsoii  acqvuiinttil  witli  mmleni  India  w*iuKI 
'taXr  ttj  awert  that  in  the  whole  history  of  ^%'emnients — 
t  r\rluding  that  of  aneicnt  Homo — no  alien  ruling  nation 
i»vi_T  »taiu|H*4l  *Hi  tlie  face  of  a  ccmnlrv  more  enduriJig 
monuments  of  its  activity  than  Kii^laml  has  done,  and 
ingt  in  her  grejit  Indian  dt*|M.Mideney,  Not  only  has  she 
."d  the  face  of  Hritish  India  with  a  inilea^^e  of  roads,  rail* 
tele]|rraph»,  and  irrigation  canals,  winch,  Ix^aring  in  mind 
vw^t  arm  of  the  countr\%  and  the  tinaneial  itilHeuUies  vn- 
'ercd,  may  Ik?  truly  designatrd  stupendous  hut  the  total 
timber  of  individttal  works  of  c\c.epHonal  mar^Tiitiide  and  im- 
irtancc  rtnnpri!*ed  in  the  wlmle,  probably  suq)a».scs  that  tn  \yc 
iu\  hi  miv  tH[ual  continuous  area  in  auv  other  ))art  of  the 
orid.  Cither  works  of  pnhlif  utility*  such  as  -water-supply*  and 
dndnngv  of  towuH,  diK-kh,  ImrbourH,  breakwaters,  light houM.ti,  and 
puhlic  building  of  all  kinds,  atlEiou><;h  in  numlK'ra$  yet  very 
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far  from  adequate  to  the  wants  of  the  country,  form,  never- 
theless, a  contribution  of  no  mean  proportions  to  that  sum- 
total  f>f  constructive  energy,  which  cannot  fail  to  leave  the 
English  name  for  ever  indelibly  imprinted  on  the  soil  of  India. 

In  the  following  pages  it  is  attempted — it  is  feared  veiy 
imperfectly — to  bring  together,  and  rapidly  sketch  in  as  far  as 
possible  untechnical  language,  and  in  a  form  suited  to  the 
general  reader,  some  of  the  more  prominent  and  important 
public  works  which  have  been  carried  out  in  India,  either  by 
the  direct  or  indirect  agency  of  the  Government  of  the  country 
since  the  British  occupation;  and  in  order  that  the  unpro- 
fessional reader  may  intelligently  follow  the  necessarily  very 
condensed  account  of  these  works,  a  few  obsen'ations  on  such 
general  principles  of  construction  as  may  be  needful  have  from 
time  to  time  been  introduced.  It  has,  at  the  same  time,  been 
sought  to  convey  an  approximate  idea  of  the  enormous  value 
and  extent  of  each  of  the  separate  classes  of  Indian  Public 
Works  regarded  as  a  whole. 

It  is  obvious  that  such  a  work  can  only  be  of  limited  interest 
to  the  ordinary  English  public— outside  that  numerous  body 
of  persons,  who  in  one  manner  or  another  have  identified  them- 
selves with  the  progress  and  welfare  of  India — and  none  what- 
ever to  the  professional  engineer.  To  the  former  the  subject 
is  too  remote,  and  to  the  latter  the  manner  of  treatment  will 
he  found  insufficient.  To  the  Indian  engineer,  although  of  no 
practical  professional  value,  the  work  may  possibly  supply,  in  a 
convenient  form,  some  historical  or  other  data  in  connection 
with  public  works  of  more  or  less  interest  or  utility.  To  the 
numerous  body  of  general  readers,  both  English  and  native  in 
India,  it  is  1)elieved  that  the  present  volume  may  afford  some 
ufloful  and  interesting  information  on  subjects  with  which 
tliey  are  partially  flEuniliar,  and  with  which  they  are  brought 
into  more  or  less  frequent  contact ;  and  it  is  especially  hoped 
that  its  perusal  by  that  already  large  and  intelligent  class  of 
natives  of  the  country,  which  the  spread  of  education  has  so 
greatly  developed,  may  create  in  them  a  wider  and  more 
practical  interest  in  what  so  intimately  concerns  the  social  and 
industrial  progress  of  the  people,  and  that  it  may  help  to  instil 
a  more  cordial  recognition  and  estimation,  of  the  persevering 
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Ubcntr  luid  skill  of  aU  thow  of  their  fellow-siibject^,  whcllier 
•dminudrative  oflicers»  ciipinwrs,  artisanis^  or  laboiirors»  whetlier 
Mti^tiftlt  or  native,  liy  wluise  joint  cxertlnns  the  ^rettt  public 
works  of  India  have  Ix-t-n  and  urc  In-iug  carrioil  uiit< 

VVhrrv^'cr  it  hiw  been  possible.  Attention  has  Ijeeti  directetl  to 
thfw**  works  of  pul)lie  iitilih\  nliich  in  the  variom  Provinces  of 
India  have  Ikvii  t oustnictet]  by  native  agency,  long  liefore  tlie 
udvcnt  of  Itritish  power  in  the  country.    The  ma^iifiecnt 
Mnliainuu'tian  or  Hindu  erc^ntions,  in  tlie  shape  of  mosques, 
ti'tttph-:*,  tiniih*i,  rtful  [wilaces  of  emix-ror:*  or  nobles,  great  us 
mnny  of  tlifse  are.  lM>th  n&  scientific  eonntructions  and  as 
■irtlntir  umiiiiinentH  to  the  rtkill  and  refinement  of  their  builders^ 
.in  ot  litvi vsjty  exehided  ;  Ihe  weojjc*  of  tlie  vohinie  hein^  con- 
fined to  thofte  enjrineering  works  of  general  usefulness  whicli 
bear  dtnvtlv  upon  the  materia!  pro<^res.s  iif  the  peoj>!e.  In 
this  F^piriul  hraneli  of  iitilitfirian  ent-rgy  the  iiiotiern  WesitL-ni 
nation?*  »tnnd  pre-eminent,  whilst  they  have  to  a  great  degree 
Imt  proficien<-y  in  thijse  more  graceful  arts  in  which  at  an 
atrlit-r  |«  r»Kl  they  also  excelled.    If  wc  adtnuately  picture  to 
oirrsi'lves  what  wan  the  material  condition  of  the  raost  advanced 
ouititrii-?*  iif  the  \\\>t  liarilly  more  than  n  hundred  years  ago, 
shall  not  feel  snrprise  if  we  find  in  India  but  few  exiitnples 
of  thoe^.^  large  engineering  public  works,  which  in  every  j>art 
of  the  world  ho  eininentlv  charaftt'HKes  the  modem  era*  The 
|Hrhtk-al  coiuliti«>n  of  (he  eoutitry  forages  rendered  it  next  to 
ita|i4raqblc  tliat  works  of  public  improvement  should  have  lieen 
''       '  ii;  the  enrlv  fjjslorv  of  India  presenting  an  alm<».*'t 
«vnp  of  intenial  discord,  anil  the  nunuTous  and 
KK^tiintly  ehiuiging  divisions  of  territory  tjctween  ambitious^ 
1  1  1  di-sykotic  rulers,  remlers  it  vain  to  ?H?ek  for,  or  e\|iect^ 
•  'i'-iHim  uf  nny  ctMiCL-rtetl   (U'tiou   for  the  public  welfare. 
\'  \  crihelrfis,  i-speciallv  in  stmie  of  tlie  great  ancient  irrigation 
■L;*  and  re«Tvoirs  nf  Soutliern  Inditi,  wc  shall  he  al>le  to 
it   out   the  existence  of  u  verv  ctmsiderable  enginwring 
and  lK>ldni*5.H  of  enterprise  powicftsed  by  the  early  Hindu 
r,*it-.     No  s|Kvial  scli*cti(ui  of  thoie  works  of  purely  native 
*fnifin  tiA»  liei'ii  nia<U\  hut  Kuch  exanijdes  ti»  the  author  has 
aldr  to  mtri  with  have  1>een  imlicated.     It  is  mure 
•li-iii  likely,  Howe^-er,  that  a  large  number  which  it  would 
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have  been  of  interest  to  have  noted  have  been  unintentionally 
overlooked. 

Although  the  volume  deals  primarily  with  important  public 
works  of  a  distinctly  constructional  character,  it  has  been 
judged  appropriate  to  devote  a  little  space  to  an  outline 
description  of  the  operations  of  the  *  Great  Indian  Trigono- 
metrical Survey,**  which  stands  in  the  very  foremost  rank  of 
magnificent  human  labours.  Achieved  in  the  face  of  impedi- 
ments, and  difficulties,  due  not  only  to  immense  superficial 
area,  and  physical  obstructions,  but  also  to  the  deadly  effects 
of  a  climate  that  only  the  strongest  can  withstand,  this  great 
survey  has  been  carried  on  and  brought  down  to  practical 
completion  with  unflinching  pertinacity  and  incredible  zeal 
over  the  long  period  of  some  eighty  or  ninety  years,  at  a  most 
considerable  cost  to  human  life,  and  at  a  money  expenditure 
only  commensurate  with  the  great  ends  attained.  To  the 
Government,  as  the  principal  landowner  of  the  country,  the 
Topographical  and  Revenue  Maps,  based  on  the  Great  Trigono- 
metrical Survey,  and  produced  with  so  much  careful  accuracy 
by  the  surveyors  of  India,  provide  the  principal  basis  on 
which  the  whole  fiscal  adminstration  depends.  The  practical 
engineer,  furnished  with  so  much  accurate  and  valuable  data 
ready  to  his  hand,  can  proceed  to  the  elaboration  and  execution 
of  his  projects  with  a  certainty  and  celerity  which  he  could 
not  otherwise  attain,  and  numberless  operations  in  other  fields 
of  labour  are  immensely  facilitated.  No  one  acquainted  witli 
the  splendid  series  of  maps  of  all  classes  issued  to-day  by  the 
Survey  Departments  of  India  can  fail  to  acknowledge  that 
the  vast  operations  by  means  of  which  these  results  have  been 
attained  forms  in  itself  a  monument  of  which  any  nation  may 
be  proud. 

Owing  to  the  almost  complete  absence  of  precise  returns  in 
any  accessible  form,  it  has  unfortunately  not  been  possible  to 
outline  in  an  adequate  manner,  either  the  early  history  or 
present  extent  of  the  chief  public  roads  of  India,  whether  in  the 
case  of  those  more  important  trunk  thorough&res  of  the  first 
class,  which,  carried  over  enormous  stretches  of  country,  are 
metaUed,  and  for  the  most  part  bridged  throughout  their  entire 
length,  or  those  still  more  numerous  roads  of  secondary  import- 
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Evt-n  ill  ihv  ciLst-  of  that,  intere&tiii*:;  early  work  known 
a*>  the  *GrttnJ  Trunk  Ktjati,'  exteruiinj^  1500  milts  from 
Calcuttii  to  IVshawur,  tho  avHilabk*  int'onimtiou  a])jK»nrs  to  l)t' 
extriMiieiv  tiavi^ir.  Tlif  fl^gi-egatt?  le-n^h  of  nu'tfllk'il  nru\ 
brklgetl  ronds  throiif^hoiit  Itulia,  cHinstructed  by  the  Dritixli 
,Ciiivt*nktiK'iit,  must  iit)th>iibtoilly  be*  eiionnnus,  but  in  the 
ftlxH*mx"  of  any  certain  ilj^urcji  it  wouKl  be  excmhtigly  hazardous^ 
to  attempt  cvtm  an  approxiiiiatc  t^iniate.  Durintr  the  last 
tiiirtv  or  fortv  vcnrs  a  very  iar^c  expenditure  on  conniion 
mads  and  hrid^jcs  of  all  ciasaes  hm  l>et?n  incurred,  especially  in 
the  r&njal),  the  Central  Prtninces,  and  Bomljay,  aiul  it  is  prob- 
fAi>1(*  that  iUi*  ainotrnt  sci  e^iietakMl,  frtnn  general  and  ha'al 
'ftiniU,  liaA  reached  little  sliort  of  a  million  and  a  half  sterlin^r 
Bnuually.^  Tlie  necessity  for  new  trunk  roads  has  in  great 
Invn  reduetnl  by  the  rapid  extension  of  railways,  atid 
^load-nMiking^  eveepi  in  the  hili&,  has  for  many  ycar»  lavn  con^ 
fint*d  to  lho!ie  prtniarilv  intendetl  to  ^ve  actress  to  railway 
ile|K>t ;  a  far  greater  extension  of  such  feeder  roads  is  however. 
VtiD  one  of  the  mctsi  pressing  requirements  of  the  euuiitn'. 

A  ciHihiderable  |a>rtion  of  the  volume  is  devoted  to  a  nar- 
r  f  i)iv  rise  and  development  of  the  railway  system  ;  to 

1  iig  features  of  prHctieai  railway  construction^  and  to  a 

dfitfription  of  the  lar^r  ami  more  inqairtant  brid^^  and  other 
»ork«  connected  with  railways  in  IiuUn.  This  is  but  a  neces- 
in*  cuiiMfpieiiee  of  the  s]>ei'ifil  importance  and  interest  of  the 
•ulijcct.  Not  only  may  the  railways  of  the  coimtry  Ix-  truly 
iJW  tJie  vital  or^jaiis  of  itulustrv  ami  ronuneree,  and  the  very 
Lm«}mn)Ep'  of  rnati-rial  profiress^  but  from  their  close  and 
intimate  connection  with  the  daily  life  of  m  \&rf^  a  section  of 
|>ei>pte,  ih-laiU  ronceniiujCf  them  are  prolvibly  ca[>able  of 
fordui^  to  the  general  reatler  a  nu>re  certain  and  connected 
ml4fre»t  than  wouhl  l>e  the  case  with  any  other  form  of 
jftigimrcrin*;  work.  Hie  Liiueated  native  of  In*lia  of  the  present 
ly— of  siifKeiently  mature  a|u;e — can  hardly  fail  to  m'opiisc 
kciw  ^Kitly  the  niateriid  conditions  of  hiii  existence  have^ 
ilunng  the  course  of  his  life,  lieen  ameliorated,  how  largely  his 


^  UcaKmadum  on  some  of  the  results  of  Indian  iidminjKl ration  during  the 
tUny  ycut  of  Britah  Role  in  lodk.— ParliAtnenUi?  Vtpttt 
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freedom  of  action,  and  possibilities  of  activity  in  every  direc- 
tion, liave  been  increased,  and  to  what  a  surprising  extent  the 
general  lowering  of  the  cost  of  production,  since  the  introduc- 
tion of  railways,  has  developed  and  stimulated  the  industrial 
resources  and  commercial  prosperity  of  the  country.  Admitting 
the  considerable  social  and  moral  advancement  of  late  years 
due  to  education  and  the  spread  of  Western  habits  of 
thought,  he  cannot,  at  the  same  time,  fail  to  perceive  that  the 
extraordinary  progress,  tlie  patent  steady  advance  in  the 
average  wealth  and  culture  of  the  peoples  of  India,  of  which, 
for  the  last  thirty  or  forty  years,  he  has  Ijeen  the  witness,  has 
been  originated  and  alone  rendered  possible,  by  the  timely 
introduction  and  practical  application  in  India  of  those  various 
arts  which  have  directed  '  the  great  sources  of  power  in  Nature 
to  the  use  and  convenience  of  man  ** — in  other  words,  in  conse- 
quence of  that  enlightened  policy  of  the  English  governors  of 
the  country  which — especially  during  the  last  thirty  years 
— in  spite  of  financial  difficulties  and  scares  of  all  kinds,  has 
urged  them  to  persevere  in  the  projection,  execution,  and 
extension  over  the  length  and  breadth  of  India  of  great  public 
works  of  every  class. 

It  is  outside  the  scope  of  the  present  volume  to  touch,  except 
in  the  briefest  manner,  on  the  purely  financial  side  of  Indian 
public  works ;  although  it  will  be  necessary,  in  order  to  repre- 
sent the  true  magnitude  and  importance  of  many  of  these  under- 
takings, to  exhibit  an  outline  of  the  general,  commercial,  and 
statistical  results  of  their  working.  Those,  and  there  are  still 
some,  who  object  to  the  large  annual  State  outlay  of  borrowed 
money  on  works  held  to  be  reproductive,  deny  in  the  first  place 
their  real  remunerative  character — ^plead  the  poverty  and  in- 
ability of  the  country  to  pay  for  what  they  regard  as  the 
luxuries  of  civilisation,  and  maintain  that  the  development  of 
the  resources  of  the  country  is  no  sufficient  warrant  for  their 
construction  by  means  of  public  loans,  of  which  so  very  snudl  a 
percentage  can  be — or  at  least  hitherto  has  been — raised  in 
India,  and  the  interest  on  M'hich,  remitted  by  Indian  tax-payers 
to  Englisli  creditors,  constitutes  so  heavy — and  in  their  opinion 
so  increasing,  a  burden  on  the  country.  No  matter  at  what 
immediate  sacrifice,  they  believe  in  a  strict  adherence  to  English 
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jjrtxX'ilt'nl.,  mnl  wtniUl  ivlffjfate  nil  such  works  to  pnvatD  enter- 
prise ;  iniike  thi*  wmficicnw  of  in%'t.»^toni  the  toucb^itonf  of 
reiiiuuenitive  probithility,  tmd  leave  to  a  spofulutivc  ptiblic^ 
^hi'thcr  EurojK-aii  or  native,  ull  profit  and  rcsponsilnlity. 

It  miiVt  liowovLT,  he  ur^eil  that  the  construction  on  fi  suit- 
hk'  scnli%  of  railwav  and  other  it-prinhictive  ^vorkn  in  Iiidia,  hy 
Kimiis  of  inoTivy  borrowed,  or  ij^uflrnnteed  by  the  J^tate^  hm 
beriK  under  the  conditions  of  the  country^  the  only  means  by 
whieh  Mjch  works  could  have  l>een  coustnicted  at  all.  Nor  dots 
it  appi-ar  that  any  seriotii*  economic  objection  to  such  a  course 
I  be  iiiade^  uuless  at  the  mimic  tbno  it  can  be  shown  that  the 
bWc  bvirtkns  are  not  only  temporarily,  but  permanently  in- 
A  certain  peritxl  of  time  nuist  iiwessarily  elapse 
►fore  either  milway  or  irrigation  worki?  become  directly  pri^fit- 
!«,  ami  a  reasonable  interest  charge  dtiriiij^  such  period, 
rrjumt*  the  price  to  the  country  of  the  enormous  indirect 
benefits  in  the  meaiitiine  secured^  the  direct  return  being  at 
ttnie  a  fair  or  adequate  measure  of  their  real  economic 
uc. 

TlitTe  nrr  no  ^nind^^  for  disputing;,  as  a  matter  of  fact,  Hint 
iiKJst  rapitl  jHiNHible  exteu^^itHi  of  canal  irrigation  and  rail- 
way connnunicution  Uns  been  amply  juiitiKed  by  the  single  con- 
sidifration*!  of  famine  protection  and  military  necessities,  nor 
n  it  fx*  seriouslv  dispute<i  that  the  real  financial  results  of 
tailways,  including  thrt>»e  large  indirect  returns  from  a  thousand 
chanm^U,  due  to  their  interaction  on  tJie  indu^stnal  progress 
1  activity  of  the  pei>ple — which  in  a  country  in  the  situation 
Imlta  is  of  Micli  iundiudahle  importance — has  provt-d  them, 
M>  fiur  as  tlie  Imlance  of  public  interest  is  concerned,  to  have 
no  IfH-i  fruly  ^'productive  works  in  the  jwist  than  they 
"H  be  m  the  near  fiiture,  when  they  l>ecoine  a  lar^*  and  most 
iin|iorlanl  Mource  of  direct  revenue  to  the  State, 

It  mav  lie  allowe^l  that  the  oritfinal  guarantLt^  system  under 
which  the  earlier  railways  of  tlie  eountrv  were  e<?nstructed, 
t^pcrtaUy  at  the  hijfli  rate  of  interesf^t  virtually  iniiKJsed  by  the 
d''  f  thf  time  when  it  was  aflopted— a  system  which 

..(I  in  till*  year  18fi7 — ha-*  tuniei!  out  an  un- 
ikal  one.    The  additional  burden  im]xised  by  the  great 
reiiuction  tn  the  f^tUi  value  of  nilver  in  recent  years  has,  more- 
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over,  to  an  extent  quite  impossible  to  have  been  foreseen,  most 
severely  accentuated  the  defects  of  the  original  bargain. 

The  actual  financial  position  of  Indian  railways,  as  exhibited 
in  the  latest  Administration  Report  by  the  Director-General, 
may  be  summed  up  as  follows : — ^The  total  length  of  railways 
open  for  public  traffic  on  the  31st  March  1892,  was  17,564 
mUes,  and  extensions  to  the  extent  of  1697  miles  were  under 
sanction,  or  in  course  of  construction.  The  total  capital 
expenditure  on  all  railways  up  to  the  end  of  the  year  1891 
amounted  to  nearly  SS7  millions  sterling. 

During  the  calendar  year  1891  the  gross  earnings  on  all  rail- 
ways were  .^4,040,279,  and  the  total  working  expenses  were 
^1,303,84^,  or  47'02  per  cent.,  leaving  as  net  earnings  the  sum 
of  ^12,736,432,  or  5*61  per  cent,  on  the  capital  outlay. 
Adding  steamboat  services  and  suspense  accounts,  the  total 
return  on  the  capital  expenditure  on  all  open  lines  of  railway 
in  the  country  is  given  as  5*76  per  cent. 

These  figures  represent  the  statistical  results  of  working  the 
railways  during  the  year  1891.  The  final  financial  results  to 
the  State  for  the  official  year  1891-92  were  only  approximately 
known,  but  show  an  apparent  net  loss  on  all  railways,  taken 
together,  of  ^384,450.  The  interest  charges  for  the  East 
Indian,  Eastern  Bengal,  and  part  of  the  North-West  railways, 
however,  include  annuities  paid  in  England,  which  comprises  a 
contribution  amounting  to  about  d£^25,000  on  account  of  sink- 
ing funds,  which  will  redeem  the  entire  capital  of  these  lines  at 
the  expiry  of  the  period  for  which  the  annuity  is  to  run,  so  that 
the  ttet  loss  to  the  State  during  the  year  1891  is  given  at  the 
approximate  figure  of  £€OfiOO, 

It  is  shown  also  that  if  interest  on  lines  under  construction 
were  excluded  from  the  above  figures  the  results  to  the  State 
from  the  working  of  the  entire  Indian  railway  system  for  the 
year  1891-92  would  show  a  net  gain  of  ^190,000. 

Referring  to  the  various  heads  of  loss,  it  is  remarked  that 
'  the  loss  on  guaranteed  railways  is  mainly  attributable  to  the 
comparatively  high  rate  at  which  the  guaranteed  interest  has  to 
be  paid.  Under  its  contracts  with  guaranteed  railway  com- 
panies the  State  has  to  pay  interest  at  the  guaranteed  rates  until 
the  contracts  terminate,  and  it  is  consequently  unable  to  obtain 
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any  advnntapo  from  the  iiicraisiugly  ea<^v  coiKiitit>n  of  Uic 
«OfW*y  market  ;  that  w  to  say,  whore  the  State  could  now  raise 
mrnifV  at  tt  little  over  ij  ]K'r  cent,  to  pay  utt'  loiuirt  rai.sed  at 
lugbcr  nitps  of  intciv>^t,  it  has  r^till  to  eontimie  to  ]Miy  interest 
At,  or  CHfir^  the  high  averu^  rate  of  4'8  jx*r  cent,  on  the  capital 
hy  the  guaranteetl  couipnniis ;  ami  now,  ow  ing  to  tlic 
exchani^e,  the  amount  of  ru}>ee«  whicli  have  to  Ix*  re- 
mitti^l  t«  Kti^land  to  jiay  the  ffterling  interest  charges*  is 
ri  '  to  H  piviuint  of  interest  of  over  6'4per  cent,  on  the 

t*'i     '     iiJil  raiiced  eonverteji  at  par/ 

The  railway  «y«teni  of  India  may  lie  divided  int*3  three  main 
categories.  Fir«t,  Ihere  are  lines  whieh  are  the  projK^ty  of  the 
StaUs  ami  an*  ninmi<je<i  and  worke*!  l>v  it;  seeondly,  there  arc 
lmi»  which  are  the  property  of  tlie  State,  but  w  hich  are  n^aoageit 
jui  i  t)V  eoinpiinies;  nnd  thirdly,  tljere  are  lines  which 

«T.  limited  antl  worked  by  gnarnnlcvd  eonjpauies,  the 

GovmiJxieiit  retaining  jKiwers  of  puivhase.  Out  of  17,564  miles 
of  optm  railwav  the  fiovenmient  i^  the  owner  of  upwards  of 
14^000,  and  has  provided  lijii  out  of  the  ^227  iniliions  sterling 
expended  in  their  construction.  The  jK^euliur  circumstances  of 
tlie  country  have  tiappiiv  rendered  it  })rnetically  obltgsitorv  that 
llie  (vuienniuMd  Nluatid  Ik.*  tfie  ultimate  holder  and  owner  of  all 
nOwaj  pn)|>erty — happily,  becanne  in  a  countrv*  sitnated  as 
In.^;    1'  and  still  in,  m  tvonoinic  and  j>oIitical  condition, 

U  '  V  vMou  in  the  liandh  of  private  companies  of  the 

nun  cy^tcnte  of  railway  comnuinicatiou^  aiid  their  consequent 
vnrking  and  management  undt-r  tlie  seareelv  responsible  infln- 
EBCP  private  interest,  would  in  a  manner  not  to  be  appreeialetl 
in  houiogem-ouK  wuidries  have  Ix^^n  prejudicial  to  the  true 
§r*  '    '     r  the  Indian  public. 

.it'  practical  eondition.s  of  railway  working,  too  great 
inportiuicir  ix  veiy  oRen  attaclu'd  to  the  public  henelits  renllv 
dt  irii  what  is  called  a  *  hmltliy  comiH'tition."  Reasonable 

(■  M  hu.%  no  di>nbt  some  verv  desirable  results ;  it  pre- 

lation,  and  enforces  those  scientific  developmenbi 
to  reduction  of  working  expenses  and  niilwny  rates, 
1»  icticc,  »s  a  matter  of  nutorirlv,  indfju'mleut  railway 

n  .ire  soon  eomjx'Ued  to  etmd>ine  in  self-defence  against 

til  un  ilwir  |wirt  from  com|)etition,  until  practically  a 
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single  large  monopoly  is  maintained,  and  this  is  liable  to  become 
a  specially  adverse  monopoly  where,  as  in  the  case  of  India,  so 
large  a  portion  of  the  working  and  management  will  necessarily 
be  carried  on  from  a  ctistant  country.  AVhoever  holds  the  rail- 
ways must  of  necessity  hold  a  virtual  monopoly,  and  it  is  dis- 
tinctly better,  perhaps  everywhere,  but  certainly  in  India,  that  I 
such  a  monopoly  should  be  in  the  hands  of  the  State  than  in 
those  of  private  persons.  The  State,  moreover,  has  it  in  its 
power  to  bestow  on  the  public,  to  a  far  greater  degree  than  I 
private  companies  could  do,  the  maximum  advantages  which  the  : 
railways  afford  by  means  of  the  lowest  tariflfe. 
■  Profits  on  railway  working  are  in  no  way  dependent  on  the 
high  or  low  original  cost  of  constructing  the  lines,  but  are  solely 
dependent  on  the  daily  relation  between  the  actual  working  ex- 
penses and  receipts.  However  trite  and  obvious,  it  cannot  be  too 
often  recollected  that  under  purely  commercial  management  it 
pays  a  little  better  to  carry  one  unit  for,  say,  eight  annas,  than 
to  carry  seven  units  for  seven  annas,  that  is  to  say,  for  the  sake 
of  one  anna  of  additional  profits  a  railway  company  is  bound 
in  the  interest  of  its  shareholders  to  exclude  what  may  possibly 
be  a  very  large  proportion  of  public  advantage.  Nor  has  the 
public  any  reason  to  complain.  The  shareholders  of  a  com- 
pany do  not  make  a  railway  for  the  purpose  of  conferring  a 
maximum  public  benefit,  but  only  for  securing  a  maximum 
revenue — their  object  is  merely  to  find  and  maintain  within  the 
limitations  of  the  Government  concession,  the  point  of  highest 
profits,  no  matter  what  may  be  the  number  of  persons  or  tonnage 
of  goods  carried  or  excluded.  If,  for  instance,  the  shareholders 
of  a  railway  company  were  willing  to  accept  a  permanent 
diminution  of  a  ^  per  cent,  of  their  dividend,  that  com- 
paratively small  loss  on  their  part  might  mean  a  possible  re- 
duction of  tariffs,  that  would  place  the  advantages  and  con- 
veniences of  railway  transit  within  the  reach  of  thousands  who 
were  before  excluded,  or,  what  is  the  same  thing,  would  enable 
thousands  to  use  the  railway  a  largely  increased  number  of 
times  in  the  course  of  a  given  period.  In  India,  the  State, 
occupying  a  materially  different  position,  will  not  necessarily  be 
bound  to  sacrifice  great  public  benefit  for  the  sake  of  the  last 
anna  of  profits.    Its  future  direct  revenue  from  railways  will 
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form  but  a  \>iiri  ol*  tlie  wiiole  receipts  by  wliicfi  tiic  Government 
of  tbccounln*  w  carrit'd  on^  and  the  reduction  of  a  ^  or  even 
}  per  cent,  on  it>  railwuv  iiicoiiR',  due  to  a  Ijirj^elv  lowered 
linfl^  mi^ht  eoiuvivablv  confer  a  stimulus  to  publie  ju'tivitv 
tad  industrVt  which  would  set  in  motion  a  more  than  etjuivalent 
revenue  from  otIuT  scnirees,  or  the  piddie,  puving  only 
uic  total,  uoukt  seeintr  an  important  re<hKtitm  in  the 
dintrt  awl  of  railwny  transit. 

Hail,  h*iwcver,  tlie  true  interest  of  the  Indian  pul>iic  been 
fliflerent,  the  eonhtriietion  of  the  railway  Jsystem  of  Iiuliit  by 
[•urcly  private  enterprise  would  have  been  equally  impossible. 
It  U  tvrfntn  that  neither  unguaranteed  l^ritisb  capital  would 
have  been  forthcoming,  nor  native  capital  with  its  hijjh  ruling 
rate  of  iiitemst.,  and  tlie  almost  eomplete  al>ftenee  of  native  in* 
duvtrml  enteq>n*«e.  Apun,  one  of  the  most  inherent  peeuliari- 
be*  in  mil  way  iJiitlay  is  tfie  cotistaut  and  inevitable  growtli  of 
CBpitn]  ex|>cnditur\*.  In  a  eonnnereial  )Miint  of  view^  onee  in 
TiM"!-  -tenre,  there  is  no  such  thin^  po?*sihle  (short  of 

d«v..  _         r.tilwav  nllo^ether)  a'*  elosinp;  its  capital  areount. 

very  condition  of  iKungof  ahueeessful  railway  is  to  increasi' 
IKt  public  detnnnds  upon  it,  demands  which  can  oidv  be  met  by 
Dcruml  uutlav  ini  iww  workn.  During  the  time  that  etnnpL'ti- 
iuo  between  coin|iatnes  owning  and  working  a  mnnber  of  rail- 
r\in^  a  given  district  hapix^nw  to  lie  ju^tive,  tlie  tendtrncv 
it^uitlv  increase  capital  ehar^^  is  irrcststil>le,  and  ofteti 
t»j  M  may  be  witnessed  in  tlie  United  States  iif 
In  India,  hnppilv,  the  ^owth  of  capital  uutlav  on 
lim**^ — c^ven  vnuler  the  e\  il^  i>f  the  guanuitee  system  on 
ruute< — can,  and  Uhs  lieen  to  a  lar«fe  extent^  kept  down 
A  hrftUby  and  nontml  rat e»  and  in  this  res]>ect  the  country 
adtaiiLfii^e  from  the  lar|>;ely  CL'utralised  control  and 
Dvnmdiip  of  iU  milwuy  system  ;  an  ownership,  niorc-u\or,  which, 
11  •huuld  be  remembered,  by  no  mean.s  includes  that  dinrt 
■[jovmiinent  agency  iti  tlu'  w<»rkin^  ami  nmnHjL»vment,  xvhich  is 
tcU  bv  mimv  to  tx?  attended  with  more  or  less  real  dis- 

Hw?  queftton  as  to  tlie  relative  advaiita^'s  of  State  or  private 
y  in  Uic  working  tmd  mntia^ement  of  railways  in  India 
bmi  much  di^cuHsed.    The  hitrhly  successful  resultn  of  the 
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valuable  East  Indian  Railway,  a  line  which,  while  the  property 
of  the  State,  is  worked  by  a  company,  compares  favourably, 
both  as  regards  profits  and  percentage  of  working  expenses, 
with  the  best  State-managed  lines — and  it  is  on  many  grounds 
probable  that  the  employment  of  private  agency  would  in  every 
case  be  attended  with  superior  economy — but  the  question  is  one 
to  he  decided  not  only  on  grounds  of  financial,  but  also  on  con- 
siderations of  political  expediency ;  so  that  it  would  appear  that 
the  question  is  rather  one  for  particular  lines  or  systems,  than 
for  the  aggregate  of  railways,  and  that,  wherever  political  and 
military  interests  will  admit,  the  employment  of  an  inter- 
mediate agency  in  the  working  and  management  of  the  Govern- 
ment lines  may  he  economically  resorted  to. 

The  enormous  rdilway  property  of  the  Indian  Government  is 
steadily  and  year  by  year  growing  in  value,  and  forms  one  of 
the  brightest  prospects  in  the  financial  outlook  of  the  country. 
Tliis  property  in  the  now  near  future  must  assuredly  place  at 
the  disposal  of  the  Administration  a  perennial  and  increasing 
source  of  revenue,  which  may  be  of  incalculable  importance  in 
relieving  the  burden  of  taxation,  and  in  admitting  the  carrying 
out  of  many  long-desired  fiscal  reforms,  whilst  at  the  same  time 
keeping  open  and  enlarging  almost  every  avenue  of  material 
wealth.  Another  and  most  important  aspect  of  the  especial 
value  of  Indian  railways — a  value  in  this  respect  of  almost  in- 
conceivable amount — is  the  manner  in  which  they  operate  to 
reduce  and  to  prevent  the  otherwise  ruinous  outlay  on  famine 
relief,  in  a  country  where,  without  the  means  of  a  rapid  transfer, 
of  the  food  supply,  local  scarcity,  or  actual  famine,  is  just  as 
inevitable  as  are  the  uncertainties  and  irregularities  of  climate 
conditions,  and  where  the  burden  of  directly  supporting  a 
starving  population  in  times  of  local  distress,  has  been  rightly 
accepted  as  an  imperial  and  public  duty.  Some  idea  of  the 
cast  of  famine  relief  may  be  gained,  when  it  is  stated  that  in  the 
eleven  years  1867-1877  inclusive,  no  less  a  sum  than  foiui:een 
and  a  half  millions  sterling  was  thus  expended,  and  the  actual 
cost  to  the  public  of  famine  relief,  including  remission  of  land 
revenue,  in  the  five  years,  1873  to  1878,  was  nearly  i?l 6,500,000,* 

*  7»<r  Finatues  and  Public  Works  of  India,  by  Sir  John  Stnichey,  G.C.S.I., 
and  Buckley,  on  The  Irrigation  Works  of  India,  ■ 
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III  Ibe  year  18iS0  llie  fainiiip  coiiimtssirincrs  expwwsed  tlietr 
npinion  Ihnt  the*  tnule  of  the  cotintrv  iiiioiht  lie  confidently  left 
tn  pro  vide  for  tlie  siij>plv  of  ftwid  in  tiint-s  of  scarcity,  basing 
th»  0|>iii)(>ti  on  the  rnpiil  extmsiou  of  tho  railwiiy  system,  Thi* 
thirteen  ywirs  wliifh  liave  sinco  elapsed  have  fidly  confimml 
«ii  '  '  'li  d  this  lu'lii'f.  AlfL'adv  in  niinKToiis  cast-s  uheiv 
kuj  i:;ivr  failed,  niid  whert'  unhtiiitcd  piiUlic  t;x|>ciuliture 

vauUi  tuwe  \ieen  unavo'idsLble^  the  com])CTisfitinfr  action  of  mil- 
»,v  '  rrji>nin)tislv  initigntt-'d,  or  altof^vtllt'r  |)i*cvt*iiti.'d,  an 
tiji'.     1  t)f  prifOH,  and  Hhm  thiLs— to  my  notliing  of  human 

lilciind  Miflcrin^ — Kiivctl  pruUdity  many  millions  of  liouml^  i^ter- 
to  the  taxpavt*rs  of  India,  and  who  can  say  how  maiiy 
luurv  will  in  like*  innnner  Uv  HJived  iu  tlie  futuiv?    It  is 
■ot  too  much  to  say^  that  prohahly  in  the  lifeiinti*  of  the  present 
you^gvr  p-nenition  HtTioit^  Indian  famines  will^  under  tho  ot|uaiij>- 
action  of  milwav.s  have  hi-coine  a  nuMnory  of  thu  past. 
Win*  indeed  can  add  up  llie  enormous  sum-total  of  the 
t-     ;  '■  n-d  cm  hinttunity  hy  rtulway  I'oniniunication  ?  A 
I'  JusU  (^tati'Miian  h(i>  saiti,  *  railways  have  rendereil 

mcRT  MnicTM  and  rweived  less  gratitude  than  any  institution 
in  tike  laud."  Their  ^roat  wealth-creating  power  is  verv  in* 
adeqaairly  mdiNCfi  by  the  ordiiuiry  public,  which  adapts  itself 
m  «)ukkly  and  so  readily  to  every  successfully  iinproml 
,  mid  so  ntpidty  furj^ets  jwist  difticulties,  and  the 
hv  which  they  have  In-en  removed.  This  \s  perhaps 
BMWr  c»}x,t'i)dly  tti  Iv  remarked  in  the  case  of  steam  Itjcomotion, 
''  it  many  jH*rsons  now  livhtg  could,  if  they  reHecled, 
p  'Uipare  the  olil  state  i»f  things  with  the  new.  S[>eak- 

ta^  at  H«^li«h  milways,  and  t if  some  of  the  ways  in  which  they 
•dvanre  tJie  wealth  and  welfare  of  a  eommunity^  the  uutlior  of 
*0»tr  Iron  HiHubt^  slates  in  far  Ixtter  words  than  any  the 
viHer  of  the  present  volume  is  able  to  frauK^  '  In  their 
imfftriM'tion  in  the  United  Kingdom  no  less  a  suin  than 
/tl81«(KM>,lNKI  of  capital  have  Iwen  authorised  by  rarliaua-nt, 
■od  i7l-'5,0(H),0()(V  have  In-ea  paid  up.  It  may  Ih>  trne  that 
wamt  of  thcM^  railway*  "do  not  pay*'^  in  the  sense  that  they  thi 
■ol  ^prv  M  rcAftoimble  dividend,  or  in  some  cases  anv  dividend 
«t  «U.  tn  the  4iiifi*holdcrft  wlii>  have  provider!  the  capital,  hut 
tile  poonait  liiic  tluit  runs  in  the  f^oorebt  district,  is  of  value  to 
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the  trade,  and  to  the  people  among  whom  it  passes.  The  con- 
struction of  eveiy  mile  of  railway,  unlike  money  lavished  in 
war,  has  at  almost  eveiy  stage  enriched  somebody,  has  enriched 
the  nation  and  the  worid.  Wealth  employed  on  armies  and 
fleets,  or  squandered  in  the  destruction  of  life  and  property,  or 
wasted  in  the  luxuries  of  despotic  rulers,  is  unproductive.  Not 
no  with  railways,  eveiy  pound  of  which  honestly  spent  in  due 
time  yields  a  reward.  The  navvy  who  receives  his  wages  for 
building  up  embankments,  forming  cuttings,  driving  tunnels, 
or  preparing  the  surface  of  the  railways;  the  men  who  are 
employed  on  the  permanent  way,  and  who  keep  the  ballast  and 
rails  in  order,  the  pointsmen,  and  the  signalmen  whose  duty  it 
is  to  watch  over  the  running  of  the  trains,  the  guards,  the 
porters,  and  the  stationmasters,  these  all  expend  the  wages 
which  they  receive  in  the  purchase  of  the  necessaries,  and,  in 
not  a  few  instances,  what  but  a  short  time  since  would  have 
been  regarded  as  the  luxuries  of  life.  The  producer  of  the 
goods  thus  distributed  makes  hLs  profit  on  their  production, 
and  in  his  turn  secures  a  share  of  the  money  which  the  working 
of  the  railway  system  causes  to  be  circulated  through  the 
country.  In  like  manner  the  coalowner,  or  the  ironmaster, 
who  supplies  the  coal  and  iron  ;  the  various  manu&cturers  who 
build  the  rolling  stock ;  each  in  his  turn  realises  profits,  and 
accumulates  some  fraction  of  the  great  total  of  national  wealth. 
The  profits  thus  realised  become  in  their  turn  invested  in  re- 
productive works.** 

The  enormous  economy  of  railway  locomotion — less  however 
in  India  than  in  Europe — if  we  put  to  its  credit  the  diminution 
in  the  expense  of  traffic  since  it  was  introduced,  has  been  strik- 
ingly illustrated  by  the  late  Sir  James  Allport,  manager  for 
many  years  of  the  Midland  Railway,  in  connection  with  the 
coal  traffic  in  Engleind.  He  says,  '  The  reduction  in  the  rate 
of  the  conveyance  of  coal  to  London  for  the  last  fifteen  or 
twenty  years  is  equivalent  to  the  total  value  of  the  coals  them- 
selves. Twelve  months  ago  people  were  paying  for  coals  in 
London  less  than  they  paid  for  the  mere  carriage  of  the  coals 
before  railways  came  into  operation^ — and  speaking  of  the 
general  economy  of  railway  carriage  as  compared  with  the  past, 
he  says,  ^  I  venture  to  assert  that  the  reduction  in  carriage  by 
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wajTft,  iw  coni]jan.»d  with  the  forraor  cbftrges  and  quantities 
CMTicd,  !ia*  cifwU'd  a  »mng  to  the  country  uf  an  amount  wjual 
t«  iiHiPP  tJmn  doiihle  the  cntiiv  ^foks  rweipts  of  all  tlio  mW- 
WAyift  of  the  kingdom,  <>r  more  than  u  hundred  tiiillit^n  sk'rlhig 
uallj.' 

Tile  indinrt  saving  in  timt'^  in  the  conveyantre  both  of  pna*- 
atngpis  and  )jo(«is,  in  all  commerciallv  active  countries,  re- 
prenent-f  also  un  imtnense  direct  saving  of  actual  money  in  the 
vhape  of  interests  and  diseounts.  It  is  railways  alone  which 
Uavv  n-julered  JM*^sil*lo  that  je;reat  postal  system,  which  uiU 
the  whoip  machinery  of  progress  in  every  direction,  and  there 
is  n«  *?xa^jiu;i'mtit»n  in  saying  tlmt  without  an  adequate  railway 
^vrtem  no  countrv  e^juld  ever  attain  that  heuHliv  activity, 
weidtlif  and  well-lveing,  which  the  mighty  revolution  effectetl 
by  the  Icwomotivc  engine  has  engendered,  and  whieli  it  ever, 
ve»r  bv  year,  creates  in  wider  and  inepei»£ing  pro[»ortion. 

It  is  necessary,  however,  to  renienilnT,  t\ml  great  as  are  the 
d^doping  powers  of  railways,  the  full  lienefits  to  Ix?  derived 
from  ilic-ni  will  not  in  India  l>e  realised  until  agricultural 
improvements  have  reached  a  point  more  nearly  on  a  par  with 
th-  .  ^^  -sfd  facilities  of  trans])ort.  The  capaliilitiefl  of  India 
U-  wry  bratich  of  agriculture  are  enonnou.s,  hut  these 

nip«))ilities  are  as  yet  oidy  parti/dly  awjikened.    liy  the  aid  of 
tixr  pncticHl  sciences  which  have  jirodueed  ro  great  result*  in 
Curcy|vt%  Um»  native  niethiHls  of  raishig  and  preparing  the  main 
CRipi  of  the  cj*nmtry,  such  as  wheat  and  other  grains,  cotton, 
«i|pU'v  h«niip,  mul  flax*  may  be  viLstly  improvwJ^  and  the  oiit- 
tiim  of  ^'verj*  acre  very  greatly  increased.    Much  has  \wx\ 
&lfcm<iy  atfemptinl  in  this  resjiect,  but  the  difficulties  to  be 
r"i  '»iint«l  in  a  country  where  agriculture  still  remains  an 
v-ftj  and  traditioital  art,  are  exceptionally  great. ^  What 
to  Ik>  mainly  desirable  u  less  to  revolutionise  present 
n"*h.Hl»,  llian,  bv  careful  olteervation  to  adapt  and  engraft 
in  «iirh  iif  the  Western  inipmvenicnts  a&  may  Ik:  j>cculiarlv 
H-vial  conditions  of       aud  climate, 
\    ..  .L.i  uiijHirtaiit  ait^tsKory,  fjitberto  but  most  iraperfectly 
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developed  in  proper  relation  to  railways  in  India,  is  the  creation 
in  a  systematic  manner,  of  a  network  of  good  village  roads, 
serviceable  at  all  times  of  the  year,  converging  on  properly 
selected  points.  Without  such  a  system  of  minor  roads,  connect- 
ing all  the  smaller  centres  of  commerce  with  the  larger  and 
established  markets  nearest  to  the  railway,  the  latter  can  confer 
only  partial  benefit  to  the  districts  through  which  it  runs.  For 
a  long  period  the  provision  of  feeder  roads  was  unduly  post- 
poned, under  the  mistaken  idea  that  the  funds  available  would 
be  more  profitably  expended  on  branch  lines  of  railway  to  feed 
tlie  main  lines  in  the  place  of  roads,  forgetting  the  absolute  im- 
possibility, in  such  a  wide  area  of  country,  of  constructing  within 
any  moderate  length  of  time  a  system  of  branch  railways 
capable  of  superseding  and  rendering  unnecessary  the  provision 
of  common  roads  of  secondary  communication.  The  very  low 
cost  of  .inland  carriage,  principally  due  to  the  great  cheapness 
of  draft  power  during  a  considerable  part  of  the  year,  tended 
in  great  measure  to  divert  attention  from  the  importance  of 
good  village  and  feeder  roads  in  the  earlier  days  of  Indian  rail- 
roads. From  these  and  other  causes  the  construction  of  sucli 
roads,  serviceable  throughout  the  year,  has  lamentably  failed  to 
keep  pace  with  the  wants  of  the  railway  system,  and  there  still 
exists  throughout  the  country,  a  large  number  of  railway  stations 
which  are  absolutely  inaccessible  to  a  loaded  cart  for  five 
months  in  the  year. 

The  true  financial  results  of  the  large  loan  outlay  incurred  on 
irrigation  canals  in  India,  viewed  as  commercial  undertakings, 
were  for  a  long  time  the  subject  of  some  controversy,  owing  to 
tlie  extreme  difficulty  of  correctly  assessing  the  total  direct  and 
indirect  revenue  brought  about  by  the  peculiarity  of  the  con- 
ditions of  land  tenure  in  India,  and  by  the  virtual  impossibility 
of  apportioning  the  true  share  of  the  real  indirect  revenue 
between  the  canals  and  other  causes — such,  for  instance,  as  the 
influence  of  improved  road  and  railway  communications.  To  a 
far  greater  extent  than  railways,  all  but  the  very  smallest  works 
of  irrigation,  or  those  constructed  under  some  exceptionally 
favourable  conditions,  require  to  be  in  operation  for  a  consider- 
able period  before  a  profitable  direct  return  can  be  looked  for. 
From  this  and  other  causes,  the  profit  and  loss  in  connection 
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wilJi  indivitluai  caimL*,  or  canal  systems,  throughout  India  varies 
c^M»m)(HiKly ;  som<%  such  as  those  of  Southern  India,  and  the 
Juuiiia  ouial.%  f4>r  inshuice,  owing  to  sjxx-ially  favoumhle  cir- 
ruiUMtAiicvs,  yit^Uling  lui  exceedingly  high  n'tuni,  a  few  yielding 
A  mhanable  and  even  liundsomo  return,  and  many  as  yet  failing 
to  pay  their  workin;?  exjKnTsos,^  Tin-  net  ri'sult  of  the  whole 
h\5tein  of  eaiirtih  in  luilin,  huvvcver,  ran  be  shown  to  Ik*  n  fair 
and  itioderati*  return,  after  dedueting  working  expenj*<?s,  and  the 
tnterust  paid  for  the  use  of  the  capital  Ivirroweil  for  their  con- 
^trurtion.  There  ajiixiirs,  moreover,  little  reason  to  douht  that 
mn  ahaottitfly  true  antt  eoniplete  atljiii^tment  of  accounts  between 
tbr  Uind  revenue  md  irrigatioti  worlcs,  if  such  were  possible, 
would  he  alto^'ther  favoLUutiie  to  the  latter.  'Hie  jireneut 
dirrrt  rctum,  prolwhly  with  minor  rtuctuationn,  will  undoubtetUy 
for  Miuie  tiuie  to  come  l>e  an  inerwLHin^  tjuantity,  whilst  the 
vnflucnre  r>f  irrigation  caiuds  in  fainine  proteetion,nnd  in  raising 
the  general  prosperity  of  the  j>eople  intlu'n  their  Hphere  of  action, 
j«  iNdrle, 

■  ,due  in  a  countrv  such  aw  India  uuis-t  Im?  regarded  fn>m 

- 'd  p<nnt^  of  view.  First,  there  is  not  only  the  contplete 
i  '    from  famine  over  the  large  area.s  aetuallv  irrigateil  by 

t'  ■  nils  drriving  their  supply  frcnu  jx^nnanent  soureeH 

duHu|i(  veant  of  drouglit,  but  at  these  M^a£on.s«  the  large  surplus 
^itiduct*  of  the  irrigated  tracts  is  available  to  mitigate  tlie 
Rrvrntv  of  famine  or  scarcity  over  extensive  area^  outside  them. 
Sronmlly,  perennial  irrigation  canals,  even  in  years  of  plentiful 
iminfalh  are  i-htiniatwl  to  increase  the  foixl  supply  of  the  pei^ple 
in  the  r4Lte  of  ricf  cultivation,  as  umoh  as  4-t>  per  cent.  In  the 
Mjuinas  IVesideiicy  the  increase  of  produce  due  to  irrigation  k, 
rt  ■  -  til  cnijH,  from  four-fold  to  eight-^  and  even  ten-fold* 
I.  rn  India  the  reiiUd  of  irrigated  land  is  twice  to  three 

Unlet  Uiat  r>f  unirngate^Uand  in  Miulmj^the  proportion  i»  nnieh 
hu^r — up  to  twelve  or  lifttvii  timer*. 

The  cmlv  irrigation  canals  available  for  the  prevention  or 
CKtinction  of  famine,  are  tluv'^'  derivetl  from  the  permanent 
"    '  ,  r*'  .  r.  1  I  *ry.   All  other  Mjuree^  of  supply,  or  iif  storage^ 
lit  upon  M.*iiM)uable  rainfall,  will  to  a  greati^r 
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or  Xenfi  extent  fai!  in  times  of  greatest  need.  The  number  of 
ptTt'Tinial  irngatimi  cATials.  tlierffore,  iis  a  nif-inM  of  dirivt 
fmuinc  prevention,  is  liinitefl  by  the  nunilwr  of  jK-nimnent  river 
sources,  and  in  many  \iArts  of  ludift  this  liiuitAtion  in  exe^'d- 
in^ly  great.  For  the  generni  piirj)tis4?,  Jiowevcr,  nf  increiLsing 
the  Unyd  supply  of  the  pvoplf,  the  valuable  itiHueact'  of  irrijipi- 
tlon>  from  whatever  source  of  water  supply  it  may  be  (lerived^is 
enormous,  Kitber  the  staple  fimdn  Ci>nsunied  bv  the  |Kf(*ple  are 
raised  in  greatly  enhanced  quantities^  or  ubcre  sucii  <T(ips  mnv 
not,  or  cannot  Iw?  grown,  other  valuable  and  exehangeable  pro- 
ducts can  be  substituted,  whieb  without  the  aid  of  a  plentiful 
supply  of  water  could  not  possibly  have  l)een  eultivatedJ  IW 
utility  of  irrigation  under  Iwtli  the  alM»ve  afcpectw  i.n  of  eounif 
dependent  upon  a  suitably  eonnected  SY>'tem  of  eonunmncationi«« 
whetiier  by  road,  na\ngable  canal^  or  rail. 

The  outlay  of  Ijorroweti  money  incurret)  on  irrigation  etinals 
by  the  Hritish  Gtjvernment  in  India,  t'^peeially  tlurin|{  the  la^t 
thirty  years*  large  hO-s  the  absolute  amount  has  been,  is  relatively 
small  when  eompared  witli  the  wants  of  the  country,  so  that 
within  the  limits  assigned  bv  the  water  supply  uf  ber  rivers 
the  future  extensit)n  of  irrigation  works,  and  that  even  on  a 
wider  scale  than  anything  hitliirrtu  attempted,  must  necessarily 
be  very  great,  and  the  money  thus  ex}>ended  will  thmblless  viehl 
in  the  course  of  a  certain  time — whether  the  works  are  origin- 
ally called  *  reproductive '  or  simply  *  protective'' — a  sulMit/mtial 
direct  return;  a  return,  howe%'er,  which  uchnits  of  hut  suiall  con- 
sideration as  eom|>ar<."d  with  the  Ix.'neiiti'  and  prosjierity  in  t  he 
meantinie  conferred  on  the  country,  and  the  relief  and  eecimty 
which  such  works,  in  due  connection  with  railwaxx  afford  \n>\U 
to  the  natives  of  India,  and  to  the  public  revenues. 

In  the  examples  furnished  in  this  volume  of  some  of  the  cliief 
town  water-supply  schemes  wirriwl  out  in  India,  a  selei  tion  ha.s 
l>een  made  of  a  certain  nundxr  of  such  works,  w  liicb,  primarily 
of  imjMJi'taiice  and  interest  in  themselves,  at  the  sjime  time  serve 
to  illustrate  special  and  particular  tt/jm  of  construction.  I'licse 
examples  are  not  to  l>e  regarded  as  intended  in  any  degiw  to 


*  Vtde  Tlte  Finaures  aad  Puhlt^  iVorks  of  india^  by  Sir  John  Strachey, 
G.C,S.I, 


INTHODUCnoN 


19 


ISSbate,  c'VL'ii  apprnxiamtt'ly,  Hic  totality  of  surli  works,  tlic 
•*:»t«niMon  iif  wfiicli  nil  over  Indui,  t^jieciHlly  ciurin^  the  lust  ten 
ur  fiftivn  VL'ars,  hah  Ikvii  far  loo  ^ri'iLl  to  achiiit  ofanv  uttetupt 
to  **nuim-ratt',  j*till  it-^ss  to  illustrate  thfin.  The  pHrtitiilur 
fechcmes  dioscii  will  be  found  to  include  all  the  main  varieties  of 
tn  '  r-supplv  projtvts,  and  will  senc  as  ilhistratitnis  nf  the 

111  -  other  workn  of  tliis  cXass^  of  which  no  Hpecial  nientiou 

couUl  iieee^^ftrily  l>e  made. 

Althou;^h  there  it*  an  immense  field  open  for  private  entcr- 
priK*  in  Indiii,  in  various  hranehes  of  industrial  ii]>eratioMs  it  it* 
tcarcely  to  \x'  anlieipnted  t!mt  tlie  future  \^  ill  brinjtj^  about  any 
II.  lijtiieiitation  of  ^iwU  enterprise,  so  far  as  eotuvntn  the 

«i  ^  lit  of  ]:lurojK'an  eapilnU  indi-pendently  of  some  ft»rm 

of  JState  security,  liut  lhat  time  will  remove  or  ^jreatly  modify 
0f  the  enu-wN  hitlierto  unfavourable  to  a  fuller  employment 
"vi-  ciipital  in  n.'inimerative  undertakings — huch  ns  the 
conrtruction  of  a  secondary  syKtem  of  railways,  irrigation  canals, 
or  Uw  development  i»f  ndniug  anil  itmnufaiturin^  itidu.^tHes, 
dtber  directly  or  in  eoujuiielion  with  Governiuent  a*;ency,  h 
KXceedinfely  prnbalile. 

Tliot  wcrv'  possible  facility  and  encoura^'nieiit  should  \w 
en  to  native  private  enterprise,  no  one  keeping  in  view  the 
hcni  inXtm^t^  of  the  eountry  can  for  a  moment  deny,  in  onler 
that  ixuiia  may  Ik*  enal^led  to  a-ssume  a  more  indejK-ndent 
potfition  timn  heretofiin%  with  re^rtl  to  the  provision  and  ex- 
pcoditurv  of  that  e^ipital  on  which  her  material  prof^ress  dejxjnds. 
Allowing  to  the  full  the  unavoidable  necesaitie**  of  the  ptifit,  the 
time  hA>  now  arriveil  when  it  hns  Wx-ouw  only  tiHi  plainly  one  of 
the  tint  neeesfiitii>h  of  India  that  she  (should  retain  for  her  own 
u>r,  nai  merely  the  intlirect  l>eueKts,  but  hIm^  the  direct  protik» 
oi  all  mpitnl  esjiended.  Until,  however^  a  mun-  tu'tivc  spirit 
of  industrial  enlerpriw  lian  imnen  amon^f  the  intelli^nt  and 
vmltiiy  c1a»<>  of  natives,  the  exjK-aMve  assistance  of  EnrojHfiu 
cafntaltNtft  U  in  isonie  decree  inevitable,  and  the  countr}*  must 
ill  "udin^  de^rtv  nuhmit  to  the  lojv*  of  the  greater  part 

111   -I    .  i.ivt  pro[it>i  accruing  fnnu  her  public  Morks, 

In  view  iif  the  low  rate;*  of  interi'st  prevtiiling  ftir  Kome  year* 
pMt,  and  f  i-ntint;  ntte»  of  pnifit  eamtti  in  silver  by  the 

rootmrrriui  i    '        i»f  the  country,  there  would  appear  to  Ix* 
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every  prospect  that  the  issue  of  rupee  loans  for  FEulway  exten- 
sion purposes,  would  now  meet  with  far  greater  success  than 
heretofore  among  native  investors,  and  would  prove  a  valuable 
stimulus  to  the  internal  and  foreign  trade  of  India. 

Some  relief,  however,  has  in  the  meantime  been  afforded  by 
that  utilisation  of  Government  credit  which  has  allowed  the 
borrowing  of  money  at  low  rates  of  interest,  and  has  permitted, 
the  construction  of  numerous  railways,  irrigation  canals,  and 
other  reproductive  works  by  direct  Government  agency,  and 
has  thus  secured  such  direct  profits  as  may  accrue  from 
these  works  for  the  service  of  the  country  ;  but  the 
Grovemment  is  burdened  with  many  serious  responsibilities 
in  connection  with  defensive,  protective,  and  other  undertakings, 
from  which  little  or  no  direct  profit  can  be  looked  for,  so  that 
the  net  results  in  the  shape  of  direct  profits,  from  all  Govern- 
ment works  taken  together,  can  hcuxily  be  otherwise  than  small.^ 
The  production  of  any  large  amount  of  hoarded  native  wealth 
for  investment  in  remunerative  public  works  would  in  a  short 
time  revolutionise  tlie  country,  and  raise  it  to  a  height  of  pro- 
sperity beyond  present  conception,  nor  is  there  any  reason  to 
doubt  that  such  a  production  will  in  the  course  of  time  take 
place.  Those  who  express  surprise  that  the  enormous  hoards 
of  potential  wealth,  either  in  specie  or  locked  up  by  the  natives 
of  India  in  the  form  of  jewellery,  should  not  be  more  profitably 
utilised,  forget  that  the  very  existence  of  these  hoards  is  but 
the  expression  of  that  innate  feeling  of  the  insecurity  of  all 
possessions  not  susceptible  of  removal,  which  is  the  legacy  left 
by  the  ancient  forms  of  government.  This  feeling,  engrained 
in  the  native  character,  the  past  experience  of  the  race  has 
tended  to  harden  into  a  fixed  and  hereditary  instinct.  Already 
under  years  of  settled  government,  less  intense  than  formerly, 
this  innate  distrast  must  in  the  course  of  time  grow  more  and 
more  feeble,  in  proportion  as,  under  a  wise  and  judicious 
administration,  the  country  is  maintained  in  a  condition  of  in- 
ternal contentment  and  external  security.  Probably  also  it  will 
gradually  be  morejclearly  perceived  by  the  wealthy  and  cul- 


1  Vide  The  Finances  and  Public  Works  of  India  1869-1881,  by  Sir  John 
Strachey,  G.C.S.I. 
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tiviittnl  cIaksc»  of  Iiidiu  that  retunis  from  cHpitul  cmploy^l 
uiduiitn&l  opemtioiis,  niicl  in  developing  the  resouir^  of  their 
own  UikI,  I)v  means  ofimblic  works  pernianently  aifixed  to  the 
•oil,  must,  a**  tlieir  own  power  and  slinre  in  .shapiti^  tlie 
ckhtintes  of  t\w  coiintrv^  under  tJie  condttionH  of  a  gro^nng 
cirilisrttmi},  incn^HH.'!*,  tend  to  l)econu'  nu>ri?  and  more  inde- 
pradent  of  min(»r  eoiitin^encie?*.  Under  the  Ntiirnilation  of 
the  growth  of  contitlenee,  and  of  nmtonal  progress,  the  eifective 
ire  of  aeciuuvilation  nuiHt  stea<]ilv  aiifjnient,  and  the  Wtffh 
mml  nite  of  interest  will  neeessjirily  fail.  It  \^  prohahle 
thcnTore  t}mt  a  j^reater  eniplovnient  uf  native  eapttid  in 
rvmunerative  puhlie  works  is  to  \h-  tofsked  fi>r  in  the  near 
futuri\  M\d  that  some  notable  |)ni}K>riiiiu  of  that  eaonniais 
amount  of  ^Id  at  prwtent  whsorlx^d  by  the  conntiT,  And 
ulm!  to  theiiMe  and  uiipr(jtitfd>le  shape  4*f' ennemled  Ii\'asnn« 
i  of  onminent,  will  ^ivuluallv  Ik*  rekvused  and  rL-iidertHl  avail* 
nbU'  for  lH>tli  private  amf  puhlie  IxMicHt. 

At  i]w  Iv^finninp  t>f  the  year  \HH9  it  was  eMtinmted  that 
*  Uhtv  Mn>  hiofi  in  India  a  stwk  of  p;oUI  bullion  wholly  iis^'less 
for  ciMiuuiTfial  p»rp<isefi,  and  iricreaaing  at  the  rate  of  nearly 
!liotis   inuiunlly,    of  tlie    value    of  not    less  than 
i  .^KK^  at  the  market,  iK'En^r  prolmhlv  twtj-and-a-half 

thnc*  iM  ^rrt'Ki  aK  all  the  ^ohl  money  in  eireulation  in  the 
T'  *'  d  Kin^dtnn.*  One-hulf  of  this  gold  relea^iMl,  and  put  into 
iteriid  form,  ivpn-Nents  tlie  pivseiit  enuivtdent  of  14",(HKI 
milcH  of  railway  eonnnunieatiim,  yieldrnj;  a  prohable  direct 
nrtuni  i»f  timrlv  M.*ven  iinllion  |XHmds  per  aniiunt.  In  the  early 
\mri  iyf  thv  vt*ar  lH*)ti  the  Valndtn  Ett^fi.\h/mnt  stated  that 
'Imiiii  stilt  fthowii  an  uiudmted  appetite  for  ^)ld,  which  it  con- 
thiiies  to  aliAorb  in  a  wonderful  nny,  llurin^  the  la-st  ei^ht 
imrntlM  Ihr  yellow  imtiil,  t«>  the  value  of  356  lakhs — or 
(tO^OOO — has  \kvi\  iniporlvd,  and  deilortiii^^  the  re-eN]>i»rt 
.0  Inihs  lliere  remain'.  laklis.  or  i  ^•,K(iO,000,  wliieh  will 
ibHhIv  iKHiilv  iis  a  peniianent  luldition,  mainly  in  the 
-z  of  jrwellery,  to  the  luwirds  of  the  etmntry.  'Jlie  imports 
ilf  Mlvernrfiotnited  to  5:H>  lakhn,  and  the  e\|>ort'^  to  IKJ  lakhs, 
lrH%in^  a  n-?tiduiini  of  VZi\  hikhs.' 

A*  \vt  there  iire  httt  ffw  si^uH  that  thin  piw^ion  for  hoanliug 
rtK'fMwii>ai  mctalg  in  on  the  wane.    It  is  notieealile^  that  the 
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OSSIllLY  H  low  of  the  reutlers  of  thU 
volume  may  have  but  a  vory  faint  idea 
of  what  is  iiioant  hv  a  Tritjoiminetrical 
Sunt*y\  others  niny  haxi:  «  gtwral 
notion  that  it  mea.ns  sotne  method  of 
MU'iLsuring  the  groiinil  for  the  purpot*e 
iif  iim}i-)tmkin^ ;  hitt  as  to  how,  and  in 
whal  jMirtitiilnr  iiianiu-r,  a  corrtt-t  map 
of  II  roimtry  is  mude,  they  an*  more  or 
k-Ks  i^nuraiit.  All  people,  liowever, 
perfectly  nn(ier>itanci  tliat  to  tie  of  any 
itw'ii  ^ijgraphicJil  nmp  must  Ik-  an  atrurate  rt'prfsentA* 
on  A  ftmall  st-aU^,  *>f  tlie  e\act  slmj*f  of  a  eountrv,  aiul  of  iU 
nuious  dinMoiiK,  and  that  all  places  ntarkeil  on  it  must  nieasure 
— by  i\w  «!itU'  attached  to  the  nm|>— the  ival  and  ai^tual  distanei^ 
from  any  one  |K»int  to  ^■^e^y  other,  that  is  to  say,  ivery  town, 
v{DA|pe«''^rivvr,  imnintain,  or  iHmmtarv,  must  lie  jihiced  in  itn 
tri  position  I  he  one  to  tlie  titlier. 

liiL*  any  ditlieiilty  in  seeing  that  ch.stantx^  mn  ca^iily 
KBDMgh  Ik*  nioa^ured  on  the  j;round — along  a  given  line  for 
H4ip|Mxtri;r  I  here  art*  no  olistjit'les  in  the  way — or 
nlong  anv  nunil>er  of  lines,  hut  further  than  this 
mtml  people,  unl«*ss  previously  eonversant  with  the  methods  of 
t'lil  to  ]H*r<vivc  li«w  all  thc^ie  measurements  are  txi  l>e 
rti'  liid  tietl  togcLlier  on  pa|x!r  iiu      tu  form  a  correct 
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whole  answering  to  the  real  form  of  the  country,  and  within  the 
most  minute  limits  of  error,  exact  in  all  its  linear  dimensions, 
measured  in  every  possible  direction. 

Now,  as  it  is  our  purpose  to  give  an  outline  sketch  of  the 
operations  of  the  *  Great  Indian  Trigonometrical  Survey,'  a  few 
words  of  general  explanation  to  the  entirely  uninitiated  reader, 
which  will  enable  him  to  understand  in  a  general  way  what 
is  meant  by  a  Trigonometrical  Survey,  will,  as  a  preliminary,  be 
desirable. 

First  of  all,  then,  the  word  *  Trigonometry  ■*  means  mecmre- 
metit  of  triangles — from  the  Greek  words  rpCymvov,  a  triangle, 
and  fUrptay  measurement  (from  fierpov^  a  measure)  so  that  a 
trigonometrical  survey  means  a  survey  made  by  means  of  the 
measurement  of  triangles.  In  wliat  way  the  '  measurement  of 
triangles'  enables  us  to  carry  out  a  geographical  survey  will  now 
l)e  explained  as  simply  as  possible. 

Let  it  be  assumed  tliat  a  reasonably  correct  plan  or  map  of  a 
small  island  is  required,  and  that  a  survey  party — ^which  we 
are  privileged  to  accompany — has  lieen  formed  to  execute  the 
necessary  lield-work.  Further,  to  eliminate  all  disturbing  con- 
ditions, let  it  be  assumed  that  the  island  has  a  generally  plain 
surface,  entirely  free  from  forest  groMi;h,  and  from  all  objects 
offering  impediments  to  a  clear  view  in  every  direction.  The 
survey  party  will  be  e(]uipped  with  a  few  steel  measuring  chains, 
a  good  supply  of  poles  and  flags,  and  one  or  two  highly  re- 
fined and  accurate  instruments  for  measuring  angles,  called 
theodolites. 

If  the  islmid  is  completely  new  and  unknown  ground  to  the 
party  they  will  first  of  all  explore  it  carefully,  making  what  is 
called  an  ^  ocular  sur\'ey — ^so  as  to  gain  a  general  idea  of  its 
main  features,  and  of  the  position  of  its  prominent  points.  Its 
approximate  size  will  also  l>e  estimated  by  the  length  of  time 
required  to  traverse  it  in  one  or  two  directions  at  a  roughly 
known  rate  of  travel.  The  next  operation  will  be  to  select — 
probably  somewhere  along  the  flat,  sandy  shore — a  fairly  level 
and  unencumbered  surface,  on  which  a  long  straight  line  can 
be  measured.  This  line,  which  will  form  the  initial  base  of  the 
whole  survey  is  called  the  '  base-lineJ* 

A  suitable  position  for  this  important  line  ha\ing  been  found, 
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M  tiunilxT  uf  flag-postf,,  or  ^i^tial  *  tibitions/  will  Ix*  |jlanted 
prolmbly  i>ij,  or  neiir^  I  lie  coast  line,  earh  placetl  on  ground  as 
t-lfVjiUnl  AS  jMWvsililf,  in  onkT  tlmt  it  may  ]w  visible  from  rtt 
li-Ast  two  utliLT  ;<t«tions.  Tilt.-  [K»sition  of  thesu  si^^mil-stations 
Hrill  U*  wKvUxI  witli  ^ivat  care,  ^nd  they  will  he  nrrutigeil  ho 
that  a  siritN  of  litu'-*  running  fnmi  one  to  the  other  will  parcel 
off  llic  »h«>U*  i>liuKl  into  bevenil  large  triangular  ^|mces,  and 
thr  line*  which  hna  lx*en  selecteii  an  a  *  l>a»e '  line  will  form  a 
"V  of  one  of  these  trian^^ulrtr  spues.  The  poHltion  of  the 
ious  mgiml-station.s  whieli  are  to  fonn  the  nieetiiif^-jMiints 
<)f  the  line?*  eiicltr^iii;^  tlie  I riangles^  having  tieen  fixetJ,  the  |iiirty 
will  procot*(i  to  measure  the  evacl  len^h  of  the  *  hase-liue,"* 

Now  the  length  of  n  '  liase-line  ^  re<iinrt?s  to  Ik.>  measured 
wiUi  Uk"  most  extreme  attninalile  accuracy,  l)ecHuse,  if  this  line 
i»*  wrongly  meaMirtHl,  idl  the  rest  of  tlie  work  Iwissed  on  it  must 
lie  wron^  Tilth  it  ;  cnnscquciitlv  a  great  deal  of  trouble  is  taken 
to  culture  tlie  atvuraey  of  this  ineu-surenient.  Either  the  gnamd 
'  ■  1  verv  can^ftdlv,  or  it  Is  s(j  arranged  that  the  .steel 
1  i  ^iliieh  the  itiettsiiremeiit  is  about  to  In?  made,  shall, 

whm  strvteljed  very  tight  fnmi  piint  to  point,  Ik-  a  true, 
xtnuglit,  mid  levt*l  line.  First  of  all  tlie  length  of  the  niea.sur- 
ing  chAin  i8  eheckifl  with  a  *  standnrd  '  chain  brought  by  the 
pMTty  to  if  it  exaetly  eorrespontls^  and,  if  not^  it  in  adjuhtcd. 
'Ilir  Mirvevors  then  pr<>ceed  ti>  measure  earefiillv  the  lengtli 
lirtwtt?n  the  two  tlag-poftts  which  have  Ik-cu  planted  to  mark 
tile  cxtn*tiiitieff  of  the  ha.se-line,  Thev  are  not  sjitistictl  with 
■MMUUring  thi»  once,  hut  they  measure  it  sevenxl  titnen  over — 
first  Vftw  WAV  and  (hen  I  he  otlicr,  repeatecilv  etieeking  the  length 
of  i}w  metkAuring  chain  with  the  '  ^itandanl  *  to  hcc  if  it  haii 
fctrvtchcd  orHltefvti  at  all  vmder  iine.  W'lieii  they  have  ohtainetJ, 
fsood  iiviny  nHia-siin'meuts  taken  Iww'kward^  ami  forwards 
Alony;  the  Ijftse  Une.  it  is  foinul  tlmt,  although  very  near  each 
iilhrr,  no  two  of  the  measurements  Hgnn*  (juitc  exactly.  The 
(liit^r^ficic^  however,  uuU*s^h  great*  is  of  nt)  coiisequenee,  jVU 
thftt  it  i»  nm-viary  to  do  in  to  add  all  the  various  lengths 
tofrether  and  then  divide  the  nnm  by  the  ninnlKT  of  tinier  the 
(Hft«tok'iirrfliit*iit  has  Uh'o  mtule,  and  thus  a  mean  h-ngth  is  obtaiited, 
trhidi  will  be  ftufliciently  near  to  tlie  true  length  to  answer  the 
fHirpOM*  in  view.    To  enable  our  readers  to  follow  the  progres-s 
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of  the  work,  we  here  insert  a  rough  sketch  (Fig.  1)  of  what 
in  the  first  instance  is  guessed  to  be  the  general  shape  of 
the  island,  and  on  this  sketch  we  have  marked  the  probable 
position  of  the  flag-posts  which  have  been  planted  near  the 
coast.  We  have  also  inserted  letters  which  indicate  the  angles 
of  the  various  triangles  that  the  surveyors  propose  to  measure, 
and  we  have  numbered  the  triangles  themselves  from  1  to  5. 
Having  completed  the  measurement  of  the  base-line,  marked  in 
the  fig.  a-by  a  *  theodolite "  or  instrument  for  measuring  angles 


Fig.  1. 


is  set  up  at  the  point  a,  and  the  surveyor  carefully  measures 
the  angle  at  a,  sighting  alternately  the-flag  posts  at  b  and  c. 
Having  recorded  this  angle,  the  surveyor  removes  the  instrument 
to  the  b  end  of  the  base-line,  and  in  a  similar  way  measures 
the  angle  6,  sighting  alternately  the  flag-posts  a  and  c. 

Of  triangle  No.  1,  the  lengtli  of  one  side,  viz.,  the  '  base-line,^ 
which  has  been  directly  measured,  is  known,  and  the  size  of  each 
of  the  angles  a  and  6.  Having  this  infonnation,  by  a  simple 
cakukUiofi  the  size  of  the  distant  angle  at  c  can  be  discovered 
without  actually  measuring  it  with  the  theodolite,  as  also  can 
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tlu-  k'lifrtliti  of  tlie  two  sides  «  v  and  b  r.  These  lengtlis, 
obtAtnefi  by  calciilalkm,  will^  if  the  Icnf^tli  of  the  liase-line  and 
ihv  Aiifjiw  w  liirli  lijivf  Krii  uietisurcc!  are  oorn.Tt,  be  far  nion; 
atx'urato  than  if  thev  luui  Iwu  innisuml  dim*tly  on  the  ground 
w  ith  thr  iiieaftannjj:  chain.  Kiiowirif^  in  this  manner  the  length 
of  the  side  a  v  (whieli  is  aUo  a  mle  ni'  No.  2  triangle)  it  ean  be 
Innitixl  a  new  lm.*>f-line,  and  after  the  angles  at  e  antl  d  have 
been  nufiAured,  another  ealculation  will  give  the  size  of  the 
aik|;lr  nt and  alsti  the  h-ngths  of  the  sides  e^f  and  r//]  The 
■imeyor  can  now  treat  ti J'tis  another  new  base-line^  and  bv  its 
mrauis  and  by  niea-iurin^  the  angles  at  h  and  g"  be  ean  nieasun: 
tlie  third  tnangle.  From  tJie  side  t  of  thiH  trianirle,  the 
kuf^tli  of  which  is  nhtainml  as  before  by  calculation,  he  can 
measure  the  fourth  triangle,  then,  pnrK-eeding  in  exactly  the  same 
wmv,  be  ij*  able  lu  measuix*  the  (iftli  and  last  triangle. 

Now,  in  order  to  see  if  the  work  hitherto  done  is  quit^  cor- 
rect, tme  side  of  tlie  hist  triangle,  say  m  o,  is  very  carefully 
mcMirrd  with  tlie  hict*\  ehain,  in  precisely  the  name  manner  as 
tbtt  origiiuil  l»aM.-line  wu.^  vnefLsured.  If  it  i«  found  that  tlie 
Imglh  m  o  aa  givL*n  by  odeiihitiun,  and  m  found  bv  direct 
mcnnimiRMit,  ajTrti*?*  exactly  or  very  very  chisely,  the  trigono- 
mctrica)  work  done,  but  if  by  ealeulatiou  it  v^urks  out  altiw 
gether  (liiferent  from  the  niciisiired  length,  then  it  \a  known 
that  there  i.s  a  jt^niit  mistake  in  the  work  somewhere*  and  it 
will  lie  nccessiiry  to  do  it  all  over  a^ain,  until  the  mistake  is 
<iiicovrTeti  and  corrected,  and  until  the  two  mcasiireinents  at 
]mt  practically  nprcc. 

It  will  now  be  clear  that,  havinff  the  angles  and  tlie  exact 
gthn  of  the  Ridi*)*  of  ffieb  {>f  the  five  triangles,  the  surveyor 
to  aiiv  scale  he  likiv  to  seltrt — draw,  or  what  is  calleil 
*  thcfc  trian^U-*  on  a  sliL-el  of  paper,  and  it  will  Iv  cer- 
tun  lluit  their  side*  and  the  points  where  the  fliit^-|>osts  an? 
ed  will  have  their  relative  dintensions,  a»ul  lie  in  tlieir  true 
tire  ixwitions,  the  one  to  tlic  other.    If  care  is  now  taken  to 
~!k  in  a  jK*mmnrnt  ni/mner  tni  the  frmnnd,  the  fM»inh*  <xTnpied 
•■v.       '  n  ihIm,  it  will  \k'  |M>s><ible  at  any  sulwe^pient  time  to 
iinev  of  the  delaiU  of  the  inland.    The  irkuigks^ 
irii  lui^e  la'cn  correctly  laid  down  on  pajier,  will  stTve  as  a 
n  or  fnunettork  for  everything  else  retpiifinl.  Forevamplc, 
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it  is  desired  to  draw  on  paper  the  exact  outline  of  the  coast. 
All  that  it  is  necessary  to  do  is  to  measure  a  sufficient  number 
of  what  are  called  *  offsets  from  the  sides  of  the  triangles  nearest 
to  the  shore,  thus  supposing  e  f  in  Fig.  S  represents  the  pre- 
cise length,  to  scale,  of  the  side  e  f  of  No.  2  triangle,  stations, 
situated  opposite  the  chief  points  of  irregularity  in  the  shore- 
line are  measured  off  on  the  ground  along  this  line  from  tlie 
point  e.  From  each  one  of  these  stations,  and  at 
right  angles  to  the  line  ej\  an  '  offset '  is  measured 
to  the  shore.  These  measurements  having  been 
entered  in  a  book,  it  is  evident  that  the  '  offsets 
can  be  drawTi  or  '  plotted '  on  the  plan  of  triangu- 
lation,  and  by  drawing  a  line  through  the  outer 
ends  of  the  '  ofFsets,*"  the  exact  outline  of  the  coast 
between  the  points  e  and  f  will  be  produced. 
When  it  is  desired  to  fill  in  and  add  to  the  plan 
the  inland  features  of  the  island,  the  surveyor 
can,  either  by  means  of  smaller  triangles  laid 
down  inside  the  main  ones,  or  by  running  any 
desired  number  of  measured  lines  tied  to  the 
sides  of  these  triangles,  obtain  lines,  'offsets'* 
from  which  will  give  all  the  interior  features  with 
any  degree  of  detail  desired,  or  suitable  to  the 
scale  on  which  it  is  proposed  to  draw  the  map. 
The  important  matter  to  notice  is  that  every 
point  of  the  detailed  filling  up  will  be  in  its 
correct  place,  because  all  will  be  tied  and  held 
together  in  exact  relative  position,  on  and  about  the  main 
lines  of  triangulation,  which  constitute,  in  fact,  the  skeleton 
on  which  the  whole  body  of  the  map  is  moulded. 

Tlie  above  seri  es  merely  as  an  illustration  of  a  simple  frame- 
work, consisting  of  a  single  series  of  triangles  grounded  on  and 
verified  by  two  measured  bases.  Tlie  island  that  has  been  dealt 
with  is  in  reality  so  small  that  a  perfectly  correct  map  of  it 
could  very  likely  liave  been  obtained  by  a  few  simple  direct 
measurements,  without  the  necessity  of  any  angular  measure- 
ments at  all. 

When  it  is  necessary,  however,  to  provide  a  suitable  skeleton 
or  framework  for  the  detailed  survey  of  a  very  large  contment. 
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l>  or  oilier  »urfftce,  thtTf  tire  two  itietlioiU  usurtlly  eiiiploye^l, 
unc  U  tu  K|)rcm]  in  even- ilinttion  hy  meuiis  i>f  a  network  of 
triangles  a  ftcricH  of  i\\ed  ynmiiH^  fwm  and  witluii  which  tht* 
luptj^r)i[ihii:ul  or  ilotiiil  surveyor  caJi  sfturclv  wc*rk  ;  tfie  t>ther, 
which  for  thi-  ma^t  pnrt  h*i8  !>een  <.'niployt*ti  in  Intiifl,  is  to  lay 
dovu  a  hericMi  of  ch?iiii.s  of  trianj^Lfs  fnlUiM'in^,  sjiy,  nurUi  and 
■mth  linrs  mnncctnl  togt^thcr  hy  enws  siTics  of  eaxt  mitl  west 
rhainA,  fonning  tiian  n  sort  of  ^rkfinm  of  t^halns  of  triiitiguln- 
tiou.  Thr  inU'rior  arm  of  the  triangk-s  tiannaehcs,  and  also 
the  area«  of  IIk*  interior  spates  l*etwi.vn  the  ehtiiits  fornnrifr  the 
jpitlinHi,  oui  then  Ix*  re«iii!v  surveved  in  tlot«il ;  the  nreas  to 
in  U  in^  brought  down  to  niann^eftble  diinemions. 


ric, — NrrwonKSYmiM. 

micli  tt  tn/in^iliiti«>n  or  rnther  *  trij^ononjetrk-al  snrvey/ 
«kie»  fonuing  each  of  tlie  main  triangles  may  l>o  t\»  much  as 
iA«mi  to  thirty  mileK  hi  length,  so  that  the  mere  runging  &nd 
ituhtilig  of  tlie  diMimt  poiittA  or  htation^  will  retjuire  not  only 
the  most  pTfect  optiail  iiititruments  but  will  often^froin  physical 
UMpv*.  present  ]>robleiu»  of  extreme  difficulty  in  priutital  solu- 
titm*  '  .  wunnni'nl  of  tlie  varions  base-lines  of  origination 
aad  %t-.  -  Mi— I'tich  prohablv  luanv  mik":^  in  length—^will  a\&» 
mroln?  the  muNt  extreme  nicety  of  measurement. 

to  ottiiT  to  make  quite  clear  the  meaning  of  a  ntheork  and  of 
ihgunumetrical  sur^^^^^^^^a  repre- 
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sentation  of  a  network  system,  and  Fig,  4  of  a  gridiron  system. 
In  each,  the  little  circles  represent  stations  or  observing  poinb 
from  which  angles  are  measured,  which,  wherever  possible,  are 
fixed  on  the  highest  elevations. 

Looking  at  Fig.  3  it  will  be  seen  that  the  triangles  forming 
the  network  are  all  what  is  called  '  well-conditioned,^  that  is  to  1 
say,  they  have  no  very  sharp  or  very  wide  angles.    It  is,  in  fact,  I 
a  general  rule  in  all  trigonometrical  triangulations  that  no 
angle  shall  be  sharper  than  30  degrees,  or  wider  than  a  right 
angle  or  90  degrees.    The  measured  base-line  a  b  will  be  found  ' 


Fig.  4.— Gridikoh  System. 


marked  on  the  lower  right-hand  comer  of  the  sketch.  As  be- 
fore explained,  all  trigonometrical  operations  in  the  first 
instance,  start  from  some  actually  measured  base-line,  and  it 
has  been  noted  that  the  correct  measurement  of  this  base-line 
is  a  matter  of  the  first  importance,  because  from  it  the  length 
of  the  sides  of  a  whole  series  of  triangles  has  to  be  computed, 
which  computation  will  be  all  wrong  if  the  base-line  has  not 
been  correctly  measured. 

Although  apparently  a  very  easy  matter,  the  exact  measure- 
ment of  a  long  base-line  is  in  reality  an  exceedingly  difficult 
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•mtioii^  ami  rst^ry  rxpodivnt  that  ingcuiiiU'  oiii  duvisc  has 
to  lie  ciii|j[(iy(Hi  ill  cirdtT  hj  ohtain  tJie  necfssan' tUTurofV-  It 
ilfHinihlf  Hint  ihv  IrTi^li  oi' i\  Untu-'ViiK'  for  ii  priiiiarv  Iri^rono* 
ricrtl  Mirvfv  should  Ih-  as  j^mit  jls  possihk\  hut  rircniii'* 
•ftiinct-M  uteliliiin  jimuit  it  to  cxcmi  more  tJmii  sf\Ln  or  vlghi 
mik-s  in  K-it^jth,  IxHViiiHf,  in  the  Hrst  pl/ur*  n  fairly  level  ami  un- 
«unuiilK*r<tl  sitrfnee  Uns  tu  l>e  st'lectcd,  so  timt  eiieh  eiut  of  the 
base  limy  Ik'  visible  from  tiif  other  end;  and  sccnndty,  it  is 
m!WK*nry  that  conveniently  ^itnateil  signal  station^,  Miilahle  for 
Uyiug  out  *  >U'll-eoiiiiit!oned  '  triau^^les  \\  \{h  the  lutsi'-line,  should 
aim*  lie  cloHrly  visihle  from  hoth  *?nds»  mid  thes4»  conditioiiH  arc 
only  rarely  to  Iv  foiiiul.  Where  only  a  hliort  l>afie  is  ohtain- 
Al4t\  there  ari*,  Piowcver,  convenient  vvjiys  of  deriving  from  it,  hy 
meaub  of  a  triiuigulation,  luueli  loiiger  line^,  wiy  tx*ii  or  twenty 
dule<  in  Umi^Ii^  from  uhieh  a  eontinuation  of  the  trian^iiLitioti 
mp  procewl.  tine  Mich  ex|K'dicnt  h  j^hown  on  sketch-plan, 
Fig.  !J,  of  A  netwf>rk  syHteni.  From  the  short  litise-line  marked 
— h  n  lri:u»p;lL',  t\  ia  hiid  out,  having  its  apex  at  the 

•tntioti  r,  and  with  lui  aufjle  at  this  jutiiit  not  le*ss  tliiui  iJO 
Havinj;  calculated  the  Iciif^lh  of  the  Hide  ft  c  of  thin 
[  1  Jiotlier  oiK\  much  larger,  run  lie  laid  out  fnmi  it  as  n 

h  1^  its  apex  at  the  station  (L    The  leuf;tli  of  tl»e  side 

i  d  cnii  now  Im*  calculated,  anil  in  this  line  we  have  one  poti- 
'■d>ly  lonfjer  than  the  original  tva.se-line, 
"  Mie  of  the  e\|Kdient-H  emphived  in  the  measumnent  of  base- 
iiui=»  will  1k'  dmTilwd  further  on.    For  the  present,  turning 
In  Fig.  4,  Me  have  u  repre>entation  of  a  Muipte  ^rkHmt 
kV^tein  of  chuin>  of  triaTtgle^,  such  as  has  In-en  adopted  i>n  tJie 
InJicui  Trigiinometrieid  Survey.    The  country  to  Ix'  surveyetl 
tfuviTwd  by  a  w^ries  cif  such  chaiti*  of  triangles,  eros^ed  by 
«iih«*f  rhninK»  Icftving  relatively  large  hjmk^t*  Ix'twecn  then]. 
T'  -iii  of  trigimomelrical  ^urvev^ng  is  eonniderwl  ^u|Krrior 

Ui  lit.  lutwork  M>tcni,  Ixvnuse  it  is  fim])lc,  contains  fewer 
triuf^ts.  And  these  CH^iahle  of  nmrtr  regular  and  »VHtomatie 
<inlooiion,  the  one  iiftiT  the  other,  than  is  the  i-itse  witli  a  net- 
work. In  practice,  htiwever^  in\  a  \  ei'v  large  surfaee  of  muntrv, 
the  two  •iVMtt'nw  art*  in  reality  <'oiidiined,  the  main  framework 
t^f  i[f  the  gridiron,  whilst  between  the  chains 

f  •       .    '      I  iiii>ji,  a  HXMndary  network  of  triJUigles,  ofgeju^- 
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rally  smaller  sii^c  than  tliose  wfiifli  ^'ornpnso  the  cliains,  is  i\\M 
in,  this  iietvvork  beiiif^  of  emirse  LleiH^mlent  on,  ami  coinicctc^l  to* 
the  sitles  of  the  |»piiiiHrv  trimiglt^s  foniijiitf  iUv  rhftiii.  In  ctnirst' 
of  time,  UTuIrr  tht*  ujK'ruticni  t>f  n  dotaiknl  Mirvey,  the  swonclary 
network  may  Ix*  still  furtlRT  broken  up  into  snmller  and  Ntnnller 
triann;le>,  or  trjucrseil  witli  <ti>ss  lint'H  in  everv  ilircftioii^  each 
line  iK'intj  tied  tuul  houiul  into  lis  j>n»|K'r  rt^nlive  posittriii,  tts  also 
will  of  mx-esMly  be  the  position  of  fvvr>'  creopfraphieal  feature  of 
the  country,  vv  hieli  is  niea^iiivil  from,  anti  lixed  by  nit-ans  of  offset^* 
or  otiier  means,  from  one  or  other  t>f  lliese  intermediate 

To  rccnpitnlate,  it  will  now  be  elearlv  understood  that 
trigononietrieal  MU-veyin;;  consists^Fii-st,  in  the  seWtioii  of 
suitable  sites  for,  and  tlie  aeeuntte  measurenieTit  of,  Inise-lines 
for  the  origination  and  verification  of  either  a  eoniplete  network 
of  triangles,  or  of  Um^  ehains  of  triangles,  acroHs  a  gi^c•n  Iwlt  of 
country.  Seeondly,  the  selection  of  suitalik*  luterniediati* 
points  ^nch  as  promineiU  hill-tttps,  or  sjieeially  tiek»eted  or  con- 
striictcHl  loftv  towers,  for  tfie  meeting  points  of  the  lines,  fomi- 
ing  hi  each  eawe  *'ive!l-eonilitioned^  triangles,  Thirdly,  the 
fixing  of  the  exaet  position  of  these  internietliate  [joints,  by 
means  of  tneasuivd  angle^i  and  eaknlated  widtrs  of  triangles 
starting  from  the  measured  Iwise,  and  eurriwl  successively 
through  the  intermediate  point.s,  so  iiw  to  form  either  a  net- 
work (jr  a  ehiiiit  of  triangles.  The  accuracy  of  the  intermetLintt 
coinputatiiais  then  veriJied  by  means  of  a  measmvd  base  at 
the  titliiT  extremity  of  the  network  or  chain. 

The  trigonometrical  survey  oi'  the  entire  country  is  coni- 
pletcil  cither  by  covering  the  whole  area  to  Ih'  surveyed  with  a 
tietwi>rk  of  triangles,  or  by  carrying  a  suflicieut  number  of 
ranges  i>f  triangks,  longitudinally  and  laterally  across  the 
country,  &o  ^l^  to  form  a  sort  of  gri  Jiri>n.  The  work  is  also  further 
ehcckcti  by  means  of  astnmoniTcal  ohscrvutions  for  i»btatiiing 
the  exact  latitude  and  longitude  of  numerous  seU*cto<l  spots  over 
the  whole  area.  Tlic  principal  triangulation  is  then  hamlctt 
over  to  detail  surveyors,  and  all  t!ie  interior  sjjaces  are  tiiK*<l  up 
with  H  seeoudury  triangulation,  which  may  be  again  broken 
up  into  tertiary  triangles,  within  which  the  detailed  features 
of  the  country  can  be  closely  meusumi,  and  their  positiom 
atrumtcly  Hxed,  by  means  of  *'offsets' in  other  ^-arious  waip-s. 


CHAPTER  II 


Early  Geography  of  Ittdw — Major  James  Runnetrs  surveys  in  Bengal — Route 
maps— Clcneml  alias  nf  India— Advantages  of  tiigonometrical  Lriaiigiilation 
— \VniUin  Laralblun,  father  of  Intiian  surveys— Propost-s  measuremcnlofai-G 
of  meridian,  and  tiigonumetrical  survey  of  souihcm  portion  of  India — Objects- 
in  view— Proposals  aubmill.ed  to  Madras  Government— Lanibtoti  appoititcd 
to  contlwct  qperaiians — Inslrunienls  emplayetl — Commirn cement  uf  apeni 
lioas,  t8o2 — ^fAldfa.}  Oti^ervaiory— Meosufement  of  [he  iiT&i  ba^-lLn^— 
Correclion  for  temperature — Triangulation  carried  to  opposite  ccmit — In- 
accuracy of  former  runic  surveys— Origin  of  'Great  Aic  Series* — Base  At 
Bangalore— Injury  t*»  great  jS-incli  thecKiolitu — Karly  opposition  to  survey 
opdniltnns — Denian£>tra(.ion  of  their  utility — Kecc^nitioD  of  Colonel  LaLiiiblon's 
serviccA — Great  arc  scries  carried  to  Bcder — Captain  Everest  apjiointed  chief 
asaK>tanl — Colonel  Lamljtoti  extends  arc  scries  to  Takal  Khcm— His  illness 
and  death— Satntnary  of  his  great  labours^Everesi  appointed  his  successor. 


Lcax  than  150  yvixrs  agw  thi-  gt'ograpliy  of  tho  interior  of  India 
wnjs  v<TV  little  kiiomi.  Al^  thnt  tiniL'  tlit'  only  knowledge  of 
the  countrv  ^va^<  (ierived  frt)ni  tfio  dcscri|)tioii?i  of  the  rotttt^  of 
ivcctisional  travellers  iiitti  the  intenur,  and  from  the  rough 
chartfi  of  the  coa'^t  lines  iniide  from  time  to  time  bv  English 
&nd  foreign  marine  surveyoDi.  About  the  year  1755  an 
English  etiition  of  a  French  map  of  India,  compiletl  from  snch 
tnKiree^,  wuH  |njl>Ii.shed.  Shortly  after  thi.s  tinse,  and  np  to  tlie 
yi'ar  Major  Janies  Kennell,  an  Hast  India  Company V 

oflicer,  who  was  a]3pointed  Sun^cyor-General  of  Bengal,  thd 
much  geographical  work  in  that  province.  Major  Hema'l! 
«uneyed,  hy  itieans  of  ehain  mea^iuaMnents,  a  tract  900  miles 
long  by  an  avenige  of  iJOO  miles  bro^d^  taking  observations  for 
latitude  aiid  longitiulc  at  varioiLs  points,  and  his  map  of  tlie 
difttriet^  of  Hengal  atid  Daliar  was  ptd>lishe4  From 
tlitM  time  various  route-imips  of  dijfercnt  pai^^^^^Mpuntry 
wiTo  from  time  to  titiie  obttiined  by  special  su^^^^^^^Hin ti'ti 
to  accoaip^uiy  armies  in  the  field, 
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In  Madras,  the  latitude  and  longitude  of  numerous  points 
were  astronomically  fixed,  the  coast  line  was  laid  down  for  a 
distance  of  700  miles,  and  upwards  of  SOOO  miles  of  route 
measurements  were  made  in  the  Camatic  during  the  war  with 
Hyder  Ali.  From  tlie  material  thus  accumulated,  a  general 
atlas  of  India  was  nearly  completed  in  1787,  but  owing  to  the 
fragmentary  nature  of  the  sur\eys,  and  the  numerous  errors 
contained  in  them,  little  practically  useful  results  were  obtained. 
Further  materials,  however,  slowly  accumulated  ^m  numerous 
route  surveys,  and  carefully  computed  astronomical  observa- 
tions, until  the  year  1798,  when  the  results  were  sent  to 
England  for  the  purpose  of  framing  a  great  map  of  India  which, 
however,  was  never  published,  and  nmch  of  the  interesting  and 
valuable  data  collected  is  said  to  have  been  lost  in  the  destruc- 
tion of  old  records  which  took  j)lace  at  tlie  time  of  the  abolition 
t)f  the  East  India  Company.  Tliese  various  route  surveys, 
greatly  inaccurate  as  they  necessarily  were,  were  at  the  time 
when  the  interior  of  India  was  almost  unknown  of  great  ser%nce 
for  the  use  of  armies  on  the  marcli,  but  as  the  country  was 
gradually  brought  under  British  administration,  the  want  of 
good  and  accurate  maps  of  the  districts  l>ecame  more  and  more 
keenly  felt.  At  the  l>eginning  of  the  present  century  the 
method  of  surveying  a  country  by  means  of  measured  routes, 
and  ])ositioiis  astronomically  fixed,  was  more  and  more  seen  to 
Ik'  liable  to  serious  errors,  and  it  slowly  l)egan  to  be  recognised 
tliat  a  trigononiotrical  triangulatioii  was  the  only  really  secure 
basis  for  accurate  map-making,  although  many  experienced  men 
brought  up  under  the  old  system  still  believed  in,  and  clung  to, 
the  earlier  practice.  Great  improvements  and  refinements  were 
introduced  into  tlie  manufacture  and  accuracy  of  mathematical 
and  optical  instruments  for  astronomical  and  surveying  pur- 
poses, and  the  results  so  far  obtained  in  the  progress  of  the 
trigonometrical  survey  of  Great  Britain,  which  was  commenced 
in  1784,  showed  the  many  advantages  of  the  trigonometrical 
system. 

The  magnificent  undertaking  known  by  the  name  of  the 
'  Great  Indian  Trigonometrical  Survey j""  consisting  of  chains  of 
triangles,  which  extend  from  Cape  Comorin  to  the  borders  of 
Tibet,  and  from  Afghanistan  to  Burma,  was  commenced  about 
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thr  vear  IHQO  bv  a  tiuiti  |H>sst'sst'd  of  tliat  iiuloinitulilL-  ardour 
and  fnrr*evcTaiuv  nf  whit^Ii  IwrotN  an*  made,  a  man  w  lnisi.'  name 
will  always  stand  in  iUv  (orvi'nyut  of  flte  *rrvat  afhievctiirnt  he 
tiiitiAliHl^  7U)d  vvhc»se  dentil  mi  the  i\v\d  of  liis  lalHUir,  at  the  Ji^* 
of  8C*'cntv,  after  twenty- three  years  of  battling  almost  single- 
luuiJed  with  tlie  muhI  fonivufnhle  t*l>stHcli'^,  in  the  muUt  of  a 
terribly  baneful  cliinatv,  ina**l  Jdwa\^  ri-iuliT  hih  career  iiicuicir- 
able  til  llie  list  of  willint^  martyrs  to  science  and  to  duty. 
Willijun  1^nd)toii,  who  wns  an  entirelv  st*lf-tnLi«iht  man,  wai> 
liom  ill  th**  \t'ar  MoH.  Very  Utile  is  known  of  his  early  lift' 
CKoept  that  he  obtaineil  a  connnisKion  in  tlie  Repnicnt, 
and  owing  to  hi.s  liavin^  ai'iniired  a  knowledfje  of  siirveviUfr*  he 
wns  for  Mime  years  eni|iloycd  a-^  a  laud  i^urveyor  in  America, 
wbere  he  devoted  himself  ardently  to  the  study  of  the  higher 
mathewnticN.  In  17i)T»  K-inj;  then  fortv-four  years  of  age,  he 
rejoinetl  Iit.-s  n'^riim-nt,  at  thiit  time  in  Calcutta,  ami  ^hortly 
nHerwanbi  wwwrvico  in  the  war  with  Tijjpoo  in  Mysore.  After 
the  suceev^ful  ti-nnination  of  Ujat  war,  OiptaiTi  Lzimbton 
bmu^bt  forward  a  proposed  for  the  measurenK'nt  of  a  Ionian- 
fif  thv  meridian,  thjit  a  \ong  north  and  ^*outh  line,  ami  for  a 
Iri^jonomi-trical  survey  of  the  southern  ]»oriion  of  India.  Its 
object,  to  nuote  his  own  wortK,  was  'to  deti.Tu»ine  the  exact 
ptKttiom  of  all  the  ^eat  objeet-s  that  a]>|x*aretl  Irv^.  cadeulaled 
to  become  pennancnt  fjeo^aphicid  ntarks,  to  Ik*  hereafter 
gimk's  for  fiunhlatinjj;  a  jjcneral  survey  of  the  jx'niusula.' 

iMibton  pn>poM'<I  laying  out  a  network  of  triau;;nlation  froni 
Ifailnu  Acrovt  to  the  opposite  eoftst,  for  the  puq)4>se  of  tiNin^ 
the  brmdth  of  tin*  fn*nin>.ula  on  that  pnrallel,  at  the  sanu'  ttmi^ 
making  ot>»ervation>  fia*  ol>tainin>^  tlie  e\aet  latitude  and  loiitfi- 
tttde  of  luimertaiN  iin^Hirtanl  places.  The  acTUrate  lueasurernenl 
of  n  hm^  arc  of  the  rtieridian,  sLieh  as  could  be  obtained  in 
lodiii^  WIL-*  a  matti-r  of  tfjc  hij^hi'st  ijiiportanrt'  from  a  K-ientitic 
pMfit  of  virw,  Hy  \{s  nutans  Hie  true  eurvnture  of  the  earth 
etwki  Ih*  otfctained,  and  the  antmnonvEeal  tabU^s  uned  in  navi^- 
til  i  an-  afftvtc^l  by  the  sfiii|>e  of  tbr  ^IoIk-)  wmdil  Ix' 

piri.  >  .  ..  vthibt  tin*  trianpdntion  ntvcsstirv  for  the  measiire- 
ONSit  of  the  arc  would  serve  *i«  tin*  jirincipal  axis  of  a  ^vMeni 
flf  II  to  Ik*  rviendrd  ovrr  all    India,  oi»  which  a 

iJiir;il  inup  of  tlic  country  eoultl  Ih'  built. 
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Captain  (afterwards  Colonel)  Lambton'^s  proposals  were  sub- 
mitted to  the  Madras  Government,  and  were  warmly  supported 
by  the  Marquis  of  Wellesley.  The  Governor  of  Madras  was 
also  favourably  impressed  by  the  advantages  likely  to  accrue 
from  the  undertaking,  and  sanction  to  it  was  shortly  afterwards 
accorded  by  the  Government.  Colonel  Lambton,  as  a  matter  of 
course,  was  appointed  to  conduct  the  operations.  Lieut.  Warren 
of  the  ?J3rd  Regiment,  and  Lieut.  Kater,  were  appointed  assist- 
ants. The  cliief  instruments  employed  by  Lambton  were  a 
36"inch  theodolite  (a  highly  refined  instrument  for  measuring 
angles  with  extreme  accuracy),  an  18-inch  repeating  Theodolite, 
both  by  Carey,  and  several  smaller  ones ;  an  astronomical 
iastrument  called  a  '  zenith  sector,"*  by  Ramsden  ;  two  measur- 
ing chains  of  blistered  steel,  and  a  standard  brass  scale.  The 
large  theodolite  was  unluckily  captui-ed  by  the  French  on  its 
way  out  from  England,  but  it  was  afterwards  chivalrously  re- 
turned by  the  French  Grovemor  of  Mauritius,  with  a  complimen- 
tary letter  to  the  Governor  of  Madras.  The  steel  chains  were 
100  feet  long,  consisting  of  40  links  of  2J  feet  each,  of  excellent 
manufacture,  in  fact,  the  whole  of  the  instruments  were  the  most 
perfect  that  were  at  that  time  obtainable  in  England. 

Operations  commenced  on  the  10th  April  180S,  by  the 
measurement  of  a  Iwtse-line,  something  over  miles  long,  near 
St.  '^Thomas  Mount,  Madras.  The  Aladras  observatory,  then 
for  some  time  in  existence,  thus  l)ecame  the  starting-point  of 
the  Trigonometrical  Suney  of  India.  Hy  means  of  a  long  and 
regular  series  of  astronomical  observations,  the  longitude  of  that 
olwen'atory  was  more  accurately  known  than  any  other  point 
in  the  peninsula,  and  this  longitude  sened — as  it  still  does — as 
the  local  meridian,  in  place  of  the  meridian  at  Greenwich,  to 
which  all  the  obser\'ation8  for  longitude  in  the  Indian  surveys 
are  ultimately  referred.  ' 

In  measuring  his  first  base-line  at  Madras,  Colonel  Lambton 
used  a  chain  similar  to  that  employed  by  the  English  Ordnance 
Surveyors.  The  chain  was  supported  in  live  wooden  boxes, 
each  20  feet  long,  which  were  carried  on  tripods,  fitted  with 
elevating  screws,  the  whole  being  adjusted  to  exact  line  by 
means  of  a  telescope.  At  one  end  the  chain  was  secured  to  a 
*  draw-post,''  with  provision  for  adjustment  by  means  of  a  fine 
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*<fvw-muvriirt*nl.  Near  Uiv  liundic  was  n  bnu^h  ht^ile,  with 
finnutc  <Hvi»ions  ^ixcd  on  the  hoftd  of  a  st'jmmtf  post.  ITiis 
«calt\  hy  ittfajr.-*  of  kii  jiiijiij^ling  scrrw,  t*t»ulil  Ih-  tiiox  c*il  Imckwnrd^i 
orfurwanls  initil  it  L'\n<'tlv  4'niin"i<li'(i»  ntidiTn  mfiiinifvingjjlawft, 
with  a  dot  or  mark  tm  the  chain,  from  whith  it?  mi?flaunng 
lrn*rth  v'<jniii»fiKrd.  .\t  the  othiT  cud  oi' t  fir  chain  was  a  similar 
j*rraugcuK'nt,  but  the  liaiullt*  hvrv  imtwul  uf  \K''myf  fixed  to  a 
*dmw-ptwt'  had  a  roja*  jnt.'isinK  over  a  juillev,  to  which  rojic  a 
^tft-llw.  weight  was  att*whi'd,  to  keep  the  chaiJi  ti^jhUy  stretched, 
Thu-H  llie  twij  ends  iif  Ihe  iiiejLsunii;^  lenjjUi  of  tin*  ehain  eould 
hr  Aoctimtely  bnMi^^ht  into  |H>rtition.  Thif*  done,  it  waw  move<l 
s,  and  a  new  len^^tli  iiieiiMirtnl,  and  so  on,  until  the  Iwist* 
Uhinl.  'I'he  temperature  nf  the  chain  was  determined  hv 
imua  of  tlierniometers  pljieeii  inside  tfie  lK>\eM,  and  the  rate 
of  rx^MinMon  liaviiiw  Invn  fixed  hv  previous  experinu-nt.'**  the 
nccessaf}'  eornvtions  eoul<l  Ih'  juath-.  Tfiis  ec»ritTti(jn  in  all 
•imrHiittifl  to  '00725  \uch  for  every  depjav  of  I'alirenheit,  All 
»nient»i  nmde  with  the  sKh'I  rliain  were  itihiced  to  that 
nilnrd  eliain,  who^H'  length  had  In-en  li\ed  at  a  teuijiera- 
hirt  of  50  de^DA'?*.  'llie  njeaNurenieui  of  tht?  Madras  base 
umtpitxi  forfy-two  days  when  observation  was  taken  to  clcter- 
Hlim*  lJu*  ati«^h'  formed  by  the  Iwise  v.][\i  a  meridional,  or  true 
uortii  nnii  inotith  line. 

It  may  mentionetl  hen.%  that  jilfln>Ufjfi  the  above  method 
•if  nHitMirin;;  a  Imse-line  wa*i  eniph>ved  in  several  nxsvn  in  tlie 
rarlicr  htagi's  of  tlie  sur\ey»it  wati  subsi'<[uently  sujaTsc^tletl  by  a 
j^reatlv  inipnivtHi  system,  to  Ik*  eNp1aint*ti  further  otu  and  all 
Ibe  important  ba-^e-lini-H  measured  with  the  steel  chain,  were 
nAenftNnix  n'-mea.Hurt^l  with  the  impnneil  afijNLnitus. 

AAcr  some  time  spent  i)i  ex^KTiinental  trials  in  the  neigh- 
InurhofMi  of  Matirn-N,  Ijind>ton  aiul  his  >tafi*  enrnetl  a  series  of 
Iruui^lc^  inland  fn>m  the  Moth-as  Iwuse*  in  a  wi'>tcrly  direction^ 
to  A  pminl  Htnatinl  near  Hjin^nhire  (sih-  Ma]i  of  tlie  Trianj;uU- 
tHw).  Hern*  in  May  1S04  a  Utse  of  verifieatitai  wtxa-  iiwaaur&l. 
TKr  distiuice  wil%  MyO  miles,  ami  liie  na-aMiretl  and  enk'ulatetl 
'-♦h  <if  the  new  Imw  wixs  found  to  differ  hy  Ji}  inches  only. 
tJic  lianii^dore  Imihc  line  triangles  ^\ere  Ihen  laid  out 
mentis  itve  reiHAinin^  width  of  the  lVuin?.iiln,  to  the  wcstcoiiiit 
orar  Mansion',    The  complete  disfamv  acn>ss  fnmi  Mndraj* 
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to  the  Malabar  coast  was  found  to  be  360  miles,  or  40  miles 
less  than  had  hitherto  been  given  by  the  best  maps.  The  in- 
accurate results  obtained  by  the  earlier  methods  of  survey  was 
thus  demonstrated. 

The  base-line  measured  on  the  Mysore  plateau  at  Bangalore, 
was  adopted  as  the  origin  of  the  long  meridional  series  of 
triangles  which  was  ultimately  (not,  however,  before  the  year 
1837)  carried  up  from  Cape  Comorin  to  the  foot  of  the 
Himalayan  mountains.  This  inunense  range  of  triangles,  1540 
miles  in  length,  is  named  the  *  Great  Arc  Series."*  At  the  time 
it  was  completed  it  was — and  it  is  believed  that  it  still  is — the 
longest  arc  measured  on  the  earth's  surface.  Starting  from  the 
Bangalore  base,  tlie  '  great  arc ''  triangulation  was  first 
gradually  carried  down  to  a  point  near  Cape  Comorin,  where 
a  base  of  verification  was  measured,  then  in  the  year  1811 
Colonel  Lambton  commenced  its'  northward  extension  from 
Bangalore. 

During  these  early  years  of  the  survey  the  operations  were 
constantly  interrupted  by  the  disturbed  political  condition  of 
the  country,  whicli  was  not  completely  pacified  until  the  year 
1818,  as  well  as  by  the  jealousy  and  apprehensions  excited  in 
the  minds  of  the  people  at  the  sight  of  tlie  mysterious  pro- 
ceedings of  the  surveyors,  with  their  strange  and  uncanny 
looking  instruments  perched  successively  on  almost  every  hill- 
top, and  their  long  array  of  flag-posts  and  signals  which  seemed 
to  pervatle  the  country.  Whatever  may  have  l>een  the  exact 
nature  of  the  opinions  or  fears  thus  aroased,  it  is  evident  that 
much  patience,  firmness,  and  tact,  were  requisite  on  the  part  of 
the  officers  of  the  survey  in  order  to  avert  danger,  allay 
suspicion,  and  conciliate  goodwill.  Additional  ol)stacles  to 
progress  were  also  imposed  by  tlie  untrained  condition  and 
inexperience  of  the  sulwrdinate  st^iff",  and  by  the  constant  sick- 
ness of  the  field-])arties  exposed  to  a  highly  malarious  climate. 
The  stay  of  the  two  officers  appointed  as  assistants,  was  too  of 
but  short  duration.  The  services  of  Lieut.  Warren  were  before 
long  required  elsewlicre,  and  Lieut.  Katerls  failing  health  soon 
obliged  liim  to  quit  the  service.  Thus  the  cliief  of  the  survey 
was  often  compelled  to  work  nearly  single-handed,  and  he  had 
to  turn  his  time  and  attenti<m  to  many  harassing  details.  It 
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U  it-cordcil   tliat  ou  one  iKv^L^ioti   wlifri   the  |;[viit  3(i-iiK"]i 
thtWolite — thv  iiiitiiistuy  «f  tJie  operations— wsts  lieiti^  hoisted 
(n  tlk  top  of  a  Irtftv  j>a^'<Hla  hnvor,  tlio  tackk*  l>roki',  nnd  tlit* 
imtniiiu'iit  tt^L-*  !s^^if>u^lv  ijijuml ;  tUv  main  tinili  haviiiji:^  luvii 
complctf  Iv  l)cnt  out  of  sha|K\    Sucli  an  accident,  occurring  at  a 
tiiiie  wht'ii  no  f \]>fri(.'iicnl  ariiHrcrs  nivii^totiKHl  to  thf  rt'pair  of 
dvViaiiv  iiu^triiincnts  wen*  Ut     fouiui  in  Imlta^  Avas  a  st-vm* 
^pnr.    Colonel  I^nibtoiu  however,  was  not  di^lKarti.'ue(i,  lU* 
^■rrird  tlu-  broken  IhcoilolitL'  to  Baripiloiv,  auJ  hv  his  personal 
iBiuor,  aHsifttfil  bv  winie  wurkoaTi  from  tlif  Artillm'  L'^tablisb- 
rnwit,  lift** r  six  wtx'ks'' delay  be  siiw^-etled  in  nniipletelv  re|Hiir- 
iii}5  the  injuries,  «ml  tbe  in^^tnniu-nt  was  made  ii^  ^o<h1  jis  ever, 
nnitinuiiitr  in  lue  op      tbe  year  \H:iO, 

The  work  on  the  houtbern  |Kirtii>n  of  the  '  great  arc  ^nvs ' 
L»  (ur  from  repn'M'titin*^  tbe  full  e\tenb  o\'  Colonel  Ijoiibton's 
UbouiN  at  thi^i  [K-nmi.  Uy  ihc  year  1H15  lu'  had  c-overeci  the 
greater  part  of  the  country  iK'tween  Madra.s,  Uan^aloro,  and 
t)»e  fifuJarrrv  river  uitb  n  netwtn'k  nf  tnant;iilatioii»  iivinjf  tbi* 
ptMtiun  iff  all  the  iMoiv  imptirtant  jaiints  extentied  over  tUih 
m%  and  c«rn'i!»^  <»»it  HMniltJOKHJiisly  an  innnetise  mniiber  of 
a»*'  I  II  oljstTviitions.     l[e  ^v^LH,  mi»vover^  bam^^ed  by 

ffi  J  jvjMwttiun  from  the  biglu'st  i|unrK'r>i,  calling  in  tpies- 

ttun  tb«*  fundamental  utility  of  Iuh  ofM-mtionK,  it  ]w\n^  still 
lied  that  the  i»hl  system,  Imseil  nn  nnite  surveys,  iind 
litindly  fixed  ^HmitiiKis  uan  etjualtv  aecunde,  iliuI  inori' 
cvotiomicid.  He  was  also  kept  ill-supplied  wjtb  money  hy  the 
Inanci/il  authorities  at  Madras.  It  was  only  after  long  and 
ttdioiK  Ai^unu-nt  and  eorn^pdUilrrKv  that  he  at  last  siKTi*H.s- 
llilly  rvfutfd  hi»  tipponents.  [mtieiitly  demonstrating  the  inatiy 
arr  ^avrs  in  the  position  of  numerous  places,  as  fi\e<t 

4^:  on  the  t»ld  mapN,    Not  onK  ua-s  the  breadth 

of  the  rtitinMdu  on  the  Madras  line  fortv  miles  wrong,  a?* 
piwiou>ly  stated,  hut  the  position  of  An*ot  was  ?»hi>wii  to  t>c 
ten  inilii  out  of  phu■i^  ami  llyderalmd  no  k*>N  than  eleven 
ndnuttfs  in  latitude,  and  tlnrtirn  miiuites  in  longitude.  It  was 
Oft*  '  *  *  Mie  year  IHIS  that  fie  at  htsl  sntreeded  in  e*>mpletely 
n  ^  the  utility,  and  demonstrating  the  extreme  in»- 

purtmicv  tit  the  lMtK)ui*s  on  which  be  wjls  eugagtHl,  arul  this 
iitil%  aft *Y  their  valia*  hud  Ihimi  fully  recogniM\[  and  appri*ciat(*d 
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by  numerous  scientific  bodies  in  Europe.  In  1817  he  was  made 
corresponding  member  of  the  French  Institute,  and  in  the 
following  year  was  elected  a  Fellow  of  the  Royal  Society. 

In  the  meantime  the  '  great  arc  series  of  triangulation 
(all  work  on  which  was  conducted  with  special  care  and 
accuracy)  had  been  puslied  northwards  to  Beder,  in  latitude  18*^ 
north,  where  a  new  base  line  was  measured.  Colonel  Lambton, 
now  at  the  age  of  65,  had  greatly  broken  dovm  in  health  and 
physical  energy,  and  Captain  Everest,  afterwards  his  able 
successor,  was  appointed  as  chief  assistant.  Owing  to  the 
disturbed  condition  of  the  provinces  of  Central  India  at  that 
time  the  '  great  arc  work  was  temporally  suspended,  and 
Everest  was  employed  in  completing  the  network  of  triangula- 
tion to  the  southward,  where  in  1820  he  was  disabled  by  fever, 
and  had  to  proceed  to  the  Cape  of  Good  Hope  for  the  recovery 
of  his  health.  Colonel  Lambton,  much  broken  in  health  as  he 
also  was,  then  proceeded  with  the  '  Great  Arc  Series,**  extending 
it  up  to  Takal  Khera  in  latitude  &.  More  and  more  pro- 
strate by  disease  and  infinnities  of  age  whilst  vainly  attempting 
to  measure  a  bast»-line  at  Takal  Khera,  lie  cxposefl  himself  so 
unduly  to  the  severe  tasks  imposed  upon  him  by  the  sickness 
and  prostration  of  nearly  all  his  party  that  lie  completely  broke 
down.  Soon  afterwards  setting  out  from  Hyderabad  to  Nag- 
pore— still  in  prosecution  of  his  work — he  died  on  the  road  at 
Hingimghat,  now  a  large  cotton  centre  in  the  Central  Pro- 
vinces, on  the  20th  January  1823.  A  modest  tomb,  consisting 
of  a  pillar  suiTounded  by  a  walled  enclosure,  was  afterwards 
erected  over  his  remains  by  the  Resident  at  Nagjwre,  on  the 
l)are  ridge  not  far  from  the  spot  where  the  water-works 
reservoir  now  stands. 

TIius  died  in  Jiarness,  at  the  age  of  70  years,  the  worn-out 
'  Father  of  the  Indian  Survey — like  many  of  his  humble 
followers,  a  faithful  martyr  of  devotion  to  the  public  service. 
His  last  grc^at  work  comprised  a  triangulation  aggregating 
165,342  square  miles  of  the  Peninsula  of  India,  at  a  total  cost 
of  i,*83,537,  or  an  average  and  moderate  outlay  of  alx)ut  10s. 
per  s<)uare  mile.  About  the  year  1820  Colonel  Lambton  in 
a  report  on  the  Hur\'ey  operations  writes,  '  In  the  twenty  years 
devoted  to  this  work  I  have  scarcely  experienced  a  heavy  hour. 
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such  is  the  case  when  the  human  mind  is  absorbed  in  pursuits 
that  call  its  powers  into  action.  A  man  so  engaged,  his  time 
passes  on  insensibly,  and  if  his  efforts  are  successful  his  reward 
is  great,  ^d  a  retrospect  of  liis  lal)ours  will  afford  him  endless 
gratiiication.  If  such  should  be  my  lot  I  shall  close  my  career 
with  heartfelt  satis&ction,  and  look  back  with  increasing 
delight  on  the  years  I  have  passed  in  India ; ''  and  again  in  his 
last  report  he  says,  '  It  would  indeed  be  gratifying  to  me  if  I 
could  but  entertain  a  distant  hope  that  a  work  which  I  began 
diould  at  some  future  day  be  extended  over  British  India.  I 
sincerely  hope  that  after  I  relinquish  the  work  somebody  will 
be  found  possessing  zeal,  constitution,  and  attainments,  where- 
with to  prosecute  it.** 

This  hope  was  amply  realised  in  the  person  of  Captain,  after- 
wards Colonel,  Everest,  wht>  was  shortly  afterwards  a])pointed 
his  successor. 


CHAPTER  III 


Continuation  of  Great  Arc  Series  to  Sironj — Ill-health  of  Superintendent — 
Absence  for  five  years — Calcutta  Longitudinal  Series — Useiiil  work  of 
Everest  in  England — Colonel  Colby's  compensation  bars — Description  of 
apparatus — Return  of  Colonel  Everest  to  India,  1S30— Measurement  of  Base 
of  verification  at  Calcutta — Northward  extension  of  Great  Arc  Series — 
Erection  of  permanent  towers — Site  for  northern  base  of  Arc  Series — 
Connection  of  base  with  Sironj — Re -measurements  and  revisions — Results — 
Observatories — Completion  of  Great  Arc  Series— Bombay  Longitudinal 
Series — Retirement  of  Colonel  Everest — His  substitution  of  a  Gridiron  for 
Network  System — North  and  South  ranges  of  chains  one  degree  apart — 
Modification — Calcutta  Meridional  Series — North-Eastern  or  Himalayan 
Series — Deadly  tracts  of  the  Terai — Loss  of  life  and  health — Base  of 
verification  at  Sonakoda — Himalayan  Peaks — Mount  Everest — East  Coast 
Series — Difficulties— South  Kankan  Series— North-Western  Quadrilateral — 
Prolongation  of  Calcutta  Longitudinal  Series  to  Karachi. 

Captain  Evkiiest  whilst  on  sick  leave  at  the  Cape  of  Good 
Hope,  had  opportunities  of  studying  the  Abbe  de  la  Caille's 
arc  measurement,  and  he  contributed  a  valuable  paper  on  the 
subject  to  the  Astronomical  Society.  On  his  return  to  India 
he  A\-as  engaged  at  the  time  of  Colonel  Lambton'^s  death,  in 
laying  out  a  scries  of  primary  triangles,  intended  to  extend  from 
the  Beder  baj5e-line  to  Bombay.  In  coasequence  of  the  death 
of  liis  cliief,  lie  succeeded  to  the  office  of  Superintendent  of  the 
Surrey,  having  heon  for  five  years  chief  assistant.  Captain 
Everest  at  once  transferred  his  attention  to  the  continuation  of 
the  'great  arc  series.''  After  many  difficulties  consequent  on 
defective  staff',  sickness,  and  the  nature  of  the  countr}^,  he 
carried  on  the  triangulation  from  Takal  Khera  to  latitude  24' 
North,  wliere,  in  tlie  year  1824,  a  base-line  was  measured 
with  the  old  chain  at  Sironj  (situated  about  seventy  miles 
south  of  Bhopal),  near  wliicli  place  a  lengthy  series  of  astro- 
nomical oliser\'ations  was  also  undertaken. 

The  healtli  of  the  new  superintendent,  however,  again  broke 
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ilomi,  aiiil  he  wa.s  ol>ii;{ini  tn  to  Englmul  in  IH^S  to  TLtTuit, 
nfmsiniux  utifti'iit  i'nm\  Tmltu  for  al)Otit  five  Vfurs,  He  still, 
fvrr,  iX'tnimH]  his  Mj>|HHnhiu-nt,  tlicTf  iK'in*;  no  [w'lson  tlien 
]H*U*iit.  tt»  suiTi^mi  liiin  iji  >*o  iiiiportjint  a  [>os\.  It  wils  not, 
lu>wwer»  newssar)'  tliat  tu*ld  work  should  !>e  si).^|KMt(lc(l,  there 
\muf^  h\  tliis  tinu'  iimiiy  ahlc  mul  expcrifixa'd  jiysistnutN  oti  tlie 
ov  i-slublisluncnt.  A  |Hirly  was  tlitTt-foiv  i>r;*ai»ised  to 
;  iHi  duniip;  raptaii)  Everest  s  absence,  and  in  aci^ordHiitv 
with  bis  writtmi  iiistruetioim,  u  loii^  ehaiei  of  triangUs,  to 
vxtnui  fniiii  the  Sironj  lni>e-hne  to  Calcutbi,  n  (lislMnee  of 
nearly  7<X>  niik*s»  over  a  \vild  and  iirdu-althy  tract  of  hilly 
nmntr)',  the  siirvev  einl>raein«;  an  area  <>i'  over  .'};J,000  st|ii(ire 
niilis^.  'VU\s  rJiain  of  ea^t  jiitil  wt^i  triangidation  \st\s  nuiiR^ 
Ums  •CalciittM  lonptudinul  scries,""  and  it  whs  cnrrieii  on  in  the 
hec  of  M-\en'  oljstarUs  anti  diftieulties,  at  an  avera^'  rate  of 
iJjuut  11^  miltti  jxT  year,  so  that  vfien  Captain  Kverrsl  re- 
tumcd  to  India  in  1  HiJ*>,  the  greater  part  of  tfie  tlihtanee  had 
Im  I  r  i'd.    It  vvjiM  nt>t,  however*  until  the  year  18.*jJ^  that 

tl  -uts  tiujkllv  elostnl  on  hi  ii  ntfiLsured  hast^^  at  C'aleiitta. 

(.Aptaiii  Kverewt^  during  his  lonp;  stay  in  Knglantl,  had  une- 
fn"  '  ^  ved  his  time  in  iiivtsli»;atrn^  tlic  Ijitest  improvements 
iJi  iifat  tiiiv  of  all  elasscs  of  ittHtriimentw  and  appHintiis 

itfcd  in  Mir^'ov  opeffitions^  and  in  studying  the  English  Ordnance 
Sor%i»y  M>teni.  IK  the  lilKTality  of  the  Honourable  Conrt  of 
Din-clnr*  of  Ihr  IvLst  Inilta  C'omjMiny,  lu'  was  ahk%  In^fore  hiH 
rrtuni  to  India,  to  provide  himself  with  a  full  and  roinplete 


IS,  '  oflhi'inoht  iniprovinl  himI  fifrfcel' appnrntns  existent 

«:  -le.    (hie  4»f  tin-  nu>st  important  of  tlit-se  iuipnjve- 

sient*  wa!4  a  new  device  for  the  nieahurenient  of  Iwise-Iini.'s^  whieli 
h*i  '  '  dreaiU  enij>l)n'f<!  on  thr  Orthianec  Sur\ey  in  En^i^* 
it'  whieh  the  rnvrntion  t»f  Coltmel  Colliv  of  the 


In-t)  Surrey. 

'  '    I    I  Mimir  1(1  c  iroi  rntailed  hv  the  um*  of  the  old 

Jiod  of  niea^uivinent,  was  the  praetieal  iniptxsiii- 
labty  of  arriving  at  the  true  eorreetion  for  alterations  in  the 
hsiKtli  i»f  the  chain  iluc  to  ehan^ji-s  of  temjHTaturc  whilst  in  use. 
O4aocl  IVdlnN  tiiM'ntion  nhviatetl  thi>  diJtieultv  hv  jniikintr  the 
iiirtwuro  itM'lf  wlf-corrccting  for  tcm|Kmitnre.  Bam^  each  10 
f«'t  lim^«  werv  umhI  instead  of  elmiii*.  each  Ivir  lieirji^  emn- 
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posite, — that  is,  made  up  of  two  strips,  one  of  iron  and  one  of 
brass,  laid  one  upon  the  other,  and  firmly  joined  together  in 
the  middle,  so  that  movements  of  expansion  and  contraction 
would  take  place  evenly  at  the  two  extremities. 

At  a  temperature  of  62**,  tJie  two  component  metals  are 
of  the  same  length,  but  owing  to  the  greater  expansion  of 
brass  as  compared  with  iron,  under  the  influence  of  heat,  at  all 
other  temperatures  the  extreme  length  of  one  strip  exceeds 
that  of  its  fellow.  Accordingly  at  the  two  ends  of  each  brass 
and  iron  strip  there  are  projecting  pivots,  adjusted  to  a  flat 
movable  tongue  or  lever,  which  tongue  l)ecomes  inclined  inwards 
or  outwards  in  proportion  as  the  length  of  the  strips  vary.  It 
will  thus  be  seen  that  there  are  points  on  the  movable  tongues 
at  either  end — outside  the  pivot — which  will  be  the  central 
points  around  which  the  movement  takes  place,  and  which  will 
be  always  equidistant  from  eacli  other.  Tliese  equidisttuit  points 
are  each  marked  with  a  dot ;  the  distance  apart  of  the  dots 
being  fixed  at  exactly  10  feet.  The  bars  are  mounted  on  brass 
rollers,  and  are  enclosed  in  long  wooden  coffers,  or  lK>xes,  from 
the  ends  of  which  the  tongues  only  project. 

Provided  with  six  sets  of  Colby''s  compensation  bars,  and  a 
full  supply  of  every  description  of  improved  instrument  and 
apparatus,  which  the  most  skilful  artificers  of  the  day  could 
produce,  C^>lonel  Everest  reached  India  in  1830,  having  in  the 
meantime  been  ap])oiuted  by  the  Court  of  Directors  '  Surveyor- 
General  of  India  ^  in  addition  to  his  duties  as  Superintendent  of 
the  Trigonometrical  Survey. 

On  his  arrival  he  determined  to  measure  the  base  of  verifica- 
tion for  the  '  Calcutta  longitudinal  series,**  with  the  new  measur- 
ing bars.  A  line  6^  miles  in  length  was  laid  out  along  the 
road  from  Government  House,  Calcutta,  to  Barrackpore,  at  the 
ends  of  which  two  towers,  each  75  feet  high,  were  constructed. 
This  base,  the  first  measured  in  India  with  the  improved 
apparatus,  was  measured  at  the  end  of  the  year  1831  and 
beginning  of  the  year  1832.  Alwut  the  middle  of  the  same 
year  the  triangulation  of  the  'Calcutta  longitudinal  series,^ 
which  had  thus  occupied  over  six  years,  was  closed  in  upon  it. 

Owing  to  the  defective  state  of  the  instruments  employed, 
and  other  causes,  the  work  on  this  series  was  not  considered  to 
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broT  Uk*  firnt  orUt,  and  ^iiIisiHjUL'tiMi  xmtvU  of  it  was  fi^uin 
j{DOe  over.  Vor  a  pcriotl  of  About  *evi*n  years  work  on  the 
*Hfvwt  im*  M.Tit's '  liml  tliiis  Ikvii  rutirrlv  sii^jKnuk-d,  hut  fmn\ 
this  tUiw  it  wan  ri'snmed  and  currit'd  on  uiwvniittiii^lv,  until 
ihif*  |»n"ut  I'hftin  of  triaiignlntion,  extending  from  Cape  Coiiioriii 
to  tlie  Hinmiay/t%  ami  Fontdii^  the  main  axis  of  the  Trij^ono- 
nictrical  Survey  of  Iiulttt,  was  tiiudly  eoinpleled. 

L'p  to  the  Sironj  l>fti*e  the  sLirveyors  lind  tttirUif  tnxr  n 
pciieml  hilly  or  undulntinf?  omntry  Hbtnindirig  in  elevutiouN, 
nJfording  excellent  hites  ior  ohserviiit^  stations^  Init  for  a  ^rent 
portion  of  the  di^^twiee  northward  of  the  Sironj  ha»e  the  work 
hiul  to  Ih*  earried  ovlt  extensive  low-lyin^r  plains,  thickly  inter- 
«prr%rd  with  j^ovcs  of  lofty  trees,  often  iMteq>usiiig  deasu  and 
iropt-netrahle  olMaclcs  to  the  view,  whilst  the  clouds  of  dost  wi 
nMumon  duriri^  the  dry  senson  in  the  G»inp.'tie  vnlley,  rendereil 
the  irk-itrununtal  work  eveeptionally  difficult.  Much  of  tin- 
work  luul  to  be  done  nt  interval  during;  the  unhealthy  rainy 
ao  as  to  have  the  advantap:'  of  a  clearer  H.tnios]ihere5  l)ut 
(vrcaKionetl  nmch  loss  of  lu-atth  and  life  to  the  iturvey 
pikrtu'*.  In  nrdvr  to  j^ain  the  necessary  elevation  nlmve  the 
in.-*  ni«nen>iis  jx^rnianent  towrrs  hod  to  W  constructed,  and 
t  prvliniitmry  lalxnir  wjis  entaiktl,  iK»t  only  m  the  building, 
bat  lU  fixing  the  position  of  these  towen*.  So  ^rmxt  was  their 
diitAfire  ajjart,  that  special  and  coniplirattN:!  stCTnallin^  arrauge- 
mmfa,  Ixilh  for  (lav  und  tor  nt^Mit  stH^twillinjL!;,  httd  to  Ikr  devised 
Aod  elaljorated.  The  towers,  of  \vliich  tliere  were  sevtniteen  in 
«]|,  mvTv  50  ftvl  hijih,  with  walU  5  fet  t  thick  at  the  hie^*  and  S2 
fwt  tit  l}w  top:  they  were  provitlcd  with  a  ?;tay;e  and  awning 
for  ll>e  oljwfrver,  kept  detached  from  the  central  intone  platform 
Drhich  the  imlninient  resU'd,  mi  as  to  avoid  vibration. 
In  the  ujeantioK-  a  site  \\i\H  re^jnircd  fiir  the  nortliern  Ija-nr 
nd  lcrn»nml  jKiint  of  the  'j^reat  are  stTies.''  Hie  |>osition 
fiojiUv  ehi>scii  was  in  latitude  !3!r  !K>',  in  the  nudnt  of  tlw* 
hcmiliful  IK'hra  I)4Kin  ValU'V»  lu'twcen  t!ie  lower  Sewalik  ranm^ 
of  hili>aiMi  the  llinmlayas,  at  a  [mrt  of  it  situated  alnmt  2000 
ne  the  level  of  the  ^ea.  'l*he  Ijase  was  most  cjirefullv 
witli  the  Odby  apjiaratiis  dorin^  the  cold  sc^tson  of 
\9S%4i&,  it-**  leii^h  being  T'45i  njik-n.  It  wtts  then  transferred 
by  maun9  of  trian^ilntion  to  cvrtain  |x»ak'<  of  the  Sewalik  mnijt*. 
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visible  lx>th  from  tlie  measured  line  and  from  the  valley  of  the 

Ganges. 

By  tlie  early  part  of  the  year  1837  the  Delira  Doon  base-line 
was  connected  with  the  triangles  brought  up  from  Sironj  ;  but 
Colonel  Everest  did  not  consider  the  results  altogether  satisfiac- 
tory.  The  Sironj  base  had  l>een  measured  in  1824  by  the  old 
steel  chain  method,  and  it  was  now  determined  to  re-measure  it 
with  the  compensation  bars.  This  was  done  during  the  cold 
season  of  the  year  1837-38,  and  its  length  was  found  to  be  too 
short  by  nearly  3  feet.  In  1838  a  |>arty  was  sent  to  revise  all 
the  angles  southward  of  Sironj  as  far  as  Beder,  a  distance  of 
260  miles,  with  the  new  and  improved  instruments  brought  out 
from  England  by  Colonel  Everest.  This  work  was  completed 
by  the  year  1839.  On  the  first  connection  of  the  old  Sironj 
and  the  new  Delira  Doon  bases,  the  difference  of  the  measured 
and  computed  lengths  amounted  to  nearly  3J  feet.  In  the 
earlier  days  of  the  survey  tliis  would  have  been  considered  a 
sufficiently  satisfactory  agreement,  seeing  that  the  length  of  the 
base  is  nearly  7J  miles,  and  tlie  distance  between  the  two  bases 
upwards  of  400  miles.  After  the  re-measurement,  however,  of 
the  Sironj  base  with  the  same  apparatus  as  used  at  Dehra  Doon, 
the  difference  between  the  length  of  the  latter  base,  as  measured, 
and  as  computed  througli  the  triangulation  brought  up  from 
Sironj,  amounted  to  7'2  inches  only,  a  degree  of  accuracy  show- 
ing the  great  exactness  of  the  instruments  now  employed,  aiid 
the  skill  with  which  the  work  had  been  carried  on. 

In  1841  the  old  base-line,  nearly  8  miles  in  length  at  Beder, 
was  also  re-measured,  and  the  difference  in  length  as  now  found, 
and  as  fowid  by  computation  from  the  Sironj  base,  was  4'296 
inches.  Two  obser\-atories  were  established,  one  at  Kaliana, 
near  the  Sewalik  range  of  hills,  and  the  other  at  Kalianpur, 
near  Sironj,  l)oth  on  the  same  meridian.  Tlie  difference  of 
latitude  Ix^tween  these  observatories  was  exactly  fixed  by 
the — as  nearly  as  possible — simultaneous  observation  of  36 
stars,  half  of  them  to  the  northward  and  the  other  half  to 
the  southward  of  the  zenith  of  both  stations.  Li  a  similar 
manner  the  exact  latitude  of  a  ]>oint  on  the  same  meridian  near 
the  Beder  l)ase-line  was  fixed. 

Thus,  in  the  year  1841,  nearly  forty  years  after  it  was  com- 
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uifHced,  wen*  lirDUj^lil  in  i  ondusion  tlic  opemtions  on  tia*  groiit 
ceotml  nivridfonal  arc  of  i\w  Indian  Hiirvey,  an  arc  of  the 
eartir^  mirfmv  154^)  miles  hwfr^  niui  toinprisin^  an  urea  of 
tmu^iUtion  of  nearly  M|uaiT  iiiilos  (inclmlinf;  tho 

irmion  of  t.ho  !*eftitm  fn«n  Bt'dcr  to  Siitmj).  At  tlits  date  the 
Ico^h  bt'lwtvu  Ci\\w  C'oiiiorin  and  tht-  llwior  Iwusv  linr  wa;* 
fiiuiitlLxl  on  Colotit'l  Luiidvtun^s  vi\r\v  work,  tlom*  with  instru- 
DHtital  ii|>plinnc(*^  tar  less  pcrlct*t  thnn  thnt  with  which  the 
mon*  northrrn  [iorti(»ri  of  the  *^n.'at  urr  si-rics'  had  Ixva  cxc- 
nrtni.  Sitnc  tHtnty-Hvu  vcars  later,  the  old  hase?>iit  Harit^alore, 
Had  nt  CiijK*  Coniorin — or  rather  other  l>asos  on  ground  sclcctctl 
twftf  them — ^vxv  niea^in*cd  ^vit!l  the  Colhv  apparatus,  and  tlie 
vikulv  <if  Colonel  I  jiirihton's  stuithern  portion  of  the  arc  series 
omlcrwent  carefid  rt*vi.sii>iu 

In  the  year  IHH  the  hjn^itiidinal  aeries,  starting  from  the 
Hcdvr  l»asc  towanlh  Kondm*  whieh  had  K-en  eoininenetHl  iji 
1822  Uy  (olonel  Kverest,  la'fore  Colonel  Landitons  deaths  atul 
vbirh  Iwui  Ihik  intemipted,  was  also  completed.  The  ehahi 
rxtendn  u  distiLtav  of  ^n5  niik's  to  Uonibny^  tiaving  an  area  of 
trianpulHtion  of  15Ji)H  square  miles, 

Wr  iii>  not  pmpwe  lo  follow  in  detail — or  in  order  of  time— 
ihr  rxtvutiuii  of  the  vari*tUh  meridional  and  hmgilndinal  ranf^ 
«r  truLn|^l<*!«  laid  down  by  the  Intlian  Trigfjnonietnt'al  Survey. 
Wt  will  conrtne  our^elvi-s  to  the  main  framework  ordy*  which 
•"ill  \ic  l)rit'H\  indieated.  Cohau'l  Even*^t,  in  eonM-ciuence  of 
«nTV  illncw»,  va^  eoni|K'lled  to  retire  fr«>ni  his  ardnons  dntien  in 
1843,  ami  five  vvhth  Ik-fore  his  death,  whicli  oecnrred  tn  186(5, 
br  Tw*iwl  th»^  order  of  kni^hllnxxi.  In  laying  down  hi^ 
uripivd  |m))^anHne  fcir  Ihe  future  t»|H'rations  of  the  Tri^^>no- 
mrlricAl  Survey,  he  alMindotiiHl  Hietikl  network  system  employed 
hv  CnUiuel  l^unliton  in  SiHallierii  Imlia,  and  snhstitnted  the 
ron '  »iy-«tein.  He  pr«»[>osed  In  lay  down  a  nunilx?r  of 
I.  Mid  arcs,*  or  north  ami  wjuth  chains  of  trian;jle.s^  at 

Mils  to  he-  eoimti*lcd  hy  nimparativelv  few  eniss  or 
1  d  ch&ins,  thus  forming  sections  sotnewliat  rt^^einblin^ 

-A  in  »ha|M\    It  had  la-en  ori^r-inally  intended  that  tlit.' 
Il  And  south  ran^eh  of  triangulation  hhouttl  Im*  phieed  at 
t  1  dt-gnn^  apart,  aiul  in  that  portion  of  the  survey  whirFi 
iiOiUt\l  Lhr  '  Nortli-ea»t  4oadrtlaUTal/  or  that  portion  lying 
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between  the  ^Calcutta  longitudinal  series^  and  the  Himalayas^ 
north  and  south  chains  about  this  distance  apart  have  in  fact 
been  laid  down  (see  Map  of  the  Triangulation) ;  but  in  the  other 
main  divisions  of  the  survey  it  has  been  found  unnecessary  for 
topographical  and  detail  purposes  to  range  them  so  closely 
together. 

Sliortly  after  Colonel  Everes^s  departure  from  India,  the 
'  Calcutta  meridional  series,''  starting  from  the  base  measured 
at  Calcutta  in  1832,  was  carried  northwards  for  a  length  of  260 
miles,  over  a  flat  and  marshy  country,  necessitating  the  building 
of  towers  for  every  observing  station,  to  Sonakoda,  near  the 
foot  of  the  Darjeeling  mountains.  This  series,  comprising  an 
area  of  4136  square  miles,  forms  the  eastern  boundary  of  the 
'North-east  quadrilateral/  and  it  was  completed  in  the  year 
1848.  The  North-eastern  or  *  Himalayan^  series,  forming  the 
northern  boundary  of  the  same  quadrilateral,  extends  from 
Dehra  Doon  to  the  Sonakoda  l)ase,  along  the  foot  of  the  hills, 
over  a  distance  of  690  miles. 

Tlie  work  on  it  was  executed  by  different  parties,  at  various 
times,  and  its  execution  was  attended  with  greater  dangers  and 
difficulties  than  liad  been  experienced  on  any  other  part  of  the 
survey.  The  operations  had  to  be  carried  on  over  one  of  the 
most  deadly  tracts  of  swamp  and  jungle  in  the  world,  or  that 
forming  the  renowned  'Terai,"*  lying  along  the  foot  of  the 
Himalayan  range.  Of  the  five  officers  who  were  engaged  upon 
it,  two  died  from  fever,  and  two  were  forced  to  retire  utterly 
broken  down  in  constitution,  and  it  is  stated  that  in  one  season 
the  lives  of  no  less  than  forty  native  employees  were  sacrificed. 

In  the  year  1847-48  a  base-line  was  measured  at  Sonakoda 
for  the  verification,  both  of  tlie  *  Calcutta  meridional  ^  and  of 
the  *  North-eastern  Himalayan  "*  series,  the  base  serving  also  as 
a  point  of  departure  for  the  future  prolongation  of  the  work  in 
the  direction  of  Assam.  It  was  measured  with  the  Colby 
apparatus,  and  was  also  proved  by  a  minor  triangulation  laid 
off  from  its  side,  witli  satisfactory  results. 

Tlie  '  North-eastern  Himalayan  series  connects  the  northern 
ends,  and  verifies  the  series  of  meridional  chains,  nearly  one 
degree  apart,  which  at  diffi;rent  times  were  carried  up  from 
the  'Calcutta  longitudinal  series,'*  and  it  also  completes  the 
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outer  fmiiicwork  of  Colonel  Evfivst's  Nor+lKasteni  gridiron,  or 
qiHuiitaleniL 

Fnuii  this  st-rii-N  n  iiunibrr  of  oUsi-rvntiinis  to  tleterniiiie  Hit' 
distancv  atui  nUitiulr  of  must  of  tin*  ;jrt*at  siiow-cUul  peaks  «if 
tlu*  Himnlnva^,  incUidin^  mme  uf  the  loftiest  ntnuntfiins  in  the 
world,  won*  untitTtHkrii.  AuKHjjfst  these  wan  ttnc  Kiruv  namcH 
iMounl  Kmt«-s1;  aftrr  Hir  \nW  cliiefuf  IIk-  Minev*  ^5>,OOJ2  fert 

In  tlw  VLur  lK4o  the  loii^  '  Kctst  coast  serifs/  starting  from 
the  (  alcuttii  hjiM\  tuni  skirting  the  cua-nt  as  fur  a-^  Mtutrii>»  was 
coDinMmcvtl.  Progn*Ns  i>n  11  was  verv  slow,  and  the  work  was 
frt*f|oentlv  internijjted,  e^jHvi.'JIv  iu  the  ]4>w-lyinf;  ami  thflicult 
tnu*t>  lH*l«*t.H'ti  ( "alciittn  lunl  BalasorL',  Here  ihiriug  the  eiiUl 
mooii  fogf>  are  frequent,  and  in  the  spring  and  hot  season  the 
di>tricl  is  the  |»lnvgr(«nid  of  furious  cyeloni-s  mid  hurrieanes, 
nl^en  rtuising  the  most  friglitfiil  de\7istrtti<»n.  In  one  season 
the  t«nit  e<|ui|jage  of  tlie  survey  party  was  completely  anni- 
hiUitrd.  'I'he  C(nintr\",  for  tlie  nM»st  part  covered  with  dense 
vegctAtion*  and  low  marsh  lands,  eut  up  by  ilee[)  si-a  ert-rks, 
oppcmxl  coiistaut  olistaeles  to  tlie  progress  of  the  nurvey.  In 
wiiiitioti  to  tlu-sf  phvniail  thJKeultres^  the  extreme  unhealtliiness 
of  the  trnH  yvus  ^ik'Ii»  that  evrrv  ^•eason  the  whole  partv  was 
morv  or  lu^  decimated,  broken  up,  aiul  com^ielled  to  «^uspend 
ce  *  i  s  The  '  South  Konkan  series,"'  eonnneneing  at 
11.  iiid  extending  ?^i>uthwunls  along  the  Wt^t  cmtst,  had 

bcrn  takini  up  after  the  eoinjth'tinr)  of  the  *  Bondiay  longitudinal 
iiflk,'  an<l  wan  carrit'd  ilown  ti>  the  neighlxiurhood  of  Goa,  in 
lude  IC".  In  1847  two  important  stries  wtre  cnitmieneed, 
were  to  form  tJie  nf>rthern  and  southern  sides  i>f  the 
North-we^t  tuiadriiatvrah'  One  of  these  was  to  i-xtend 
the  IVhra  Doon  bise  along  the  foot  of  the  liills  to 
Prvhiwur,  the  other  was  a  prolungation  in  a  westerly  direction 
iif  tljo  *C  alrulU  liingitudtnal  series'  from  Sironj  to  Karnehi,  to 
be  esilUxJ  the  Western  ktngitudinal  werit^'  making  om*  great 
maw  line  of  triangnhition  from  Caleutta  to  Kitr^whi,  and  inter- 
'  *  '-iX  ml  right  angles  the  *grcat  meridional  arc'  series  at 


CHAPTER  IV 


Review  of  progress  by  Superintendent  of  Survey — Area  and  Cost — Duties  of 
officers,  and  rate  of  working — Trigonometrical  triangulation  the  permanent 
basis  for  present  and  future  surveys — Norlh-Wcstern  Quadrilateral — North- 
western Himalayan  series — Western  longitudinal  series — The  *Thur,*  or 
desert  of  Guzerat — Terminal  bases  at  Attock  and  Karachi — Indus  Valley 
series — Base  at  Vizagapatam — Accuracy  of  survey  operations — Extension 
of  East  Coast  Series — Joining  in  at  Madras — Interior  connecting  series  of 
chains — Completion  of  main  system  of  triangulation — Topographical  and 
detailed  surveys — Number  and  position  of  measured  bases — Subsidiary 
operations — Trigonometrical  levelling — Levelling  with  spirit  level  and  staves 
— Indus  valley  line  of  levels — Extreme  care  and  accuracy — Levelling  ex- 
tended to  Calcutta — Various  connections  with  coast — Tidal  gauges — Size 
and  figure  of  the  earth — Early  Greek  measurements — Mohammedan  attempts 
— French  arc-measurements— Pendulum  operations — Manner  of  regiatering 
number  of  vibrations — Conclusion. 

The  superintendent  of  the  sun'ey  reviewing  its  progress  from 
the  cominencemcnt  in  1802  by  Colonel  Lambton,  up  to  the 
year  1848  says,  '  The  grand  total  area  triangulated  amounts  to 
477,044  square  miles,  and  the  grand  total  cost  to  Rs.34,12,787 
or  say  i?312,389,  showing  an  average  cost  of  Rs.7.  2.  5.  per 
square  mile,  or  about  13s.  Id.,  which  cannot  but  be  considered 
remarkably  moderate,  especially  when  the  nature  of  the  country 
and  the  climate,  as  well  as  the  absence  of  all  the  usual  resources 
to  be  found  in  Europe,  are  taken  into  account.  The  hardships 
and  exposure  of  surveyors  working  in  the  field  for  the  greater  part 
of  the  year  in  such  a  climate  as  India  are  either  little  known  or 
little  appreciated.'  ...  *  The  duties  of  the  Trigonometrical 
Survey  are  often  unremitting  day  and  night,  because  the  best 
observations  are  obtained  during  the  nocturnal  hours,  when  the 
dust  raised  by  the  hot  wind  sul)sides,  and  the  atmosphere  becomes 
clear  and  calm.  With  regard  to  the  rate  of  progress,  much 
depends  on  the  efficiency  of  the  officers,  and  on  the  accidents 
of  tlie  climate.  In  a  hilly  country  the  average  advance  made 
per  season  by  each  party  is  about  120  miles  in  length  by  30  in 
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hrtawltlu  or  miv  liGlKI  sijujin.'  miles.  In  u  flat  country  the 
ftvera^  U  HO  niilt-s  m  length  hv  IS  in  breadtli,  or  alKiiit  1000 
Mjiinrv  nuk"?*.^  And  suinir)iii|j;  up  liis  revk-w  he  sa>>,  *  The 
trmii^jiilrttion  supplies  h  [KTnuLni'nt  iind  acetimU*  hivi'm  for  tlie 
pft^teiit  ftft  well  lis  for  the  fuluix*  interiMil  surveys,  for  it  must  be 
htnu*  in  mind  that  jvs  the  resnurces  of  the  eomitrv  iHt-oine 
Jtvt*U*peil  iirKler  the  ft^terin^  proteetian  of  UnLish  rule*  the 
tii)xi^ipliie4Ll  aspe<'l  of  innnv  tlisrtricis  unist  in  a  moderate 
tiuinlKT  of  year^  etmipletely  duuij^iiL  Tract;*  now  eovereil 
wrth  jungle  will  Ive  reelaitned.  t'amils  will  tx*  (lug,  niftrHhe"* 
drained,  aud  raati^t  L^stiihlisluxl.  New  towns  nnti  villages  will 
-  li  *^i(vi*s  Im*  plfMittnl,  xind  rivers  will  rhiinge  their  eoiirse, 
T  -c  ui'WH  iwv  not  thinierieftl  may  Ih.'  attv>ted  hv  ex- 

pmeiire,  for  places  wlieix-  the  tiger,  the  litar*  juu!  the  iKmr  wen* 
IbniitTh'  tiuntetl  are  now  ef>vere(i  witli  tield*  yieUling  h  plenti- 
ful hjine!»t  to  till'  eultivutor.  The  greatest  tlilferenee  is  nlsii 
pmvptil)Ie  in  the  extension  of  towns  and  villages,  showing  the 
iTM  ■  i  f  proiluetive  wealth  which  is  taking  place  on  all  ^idew, 
J  i.ition  eiituioi  hut  produce  in  tlie  cou^^t.•  of  time  eou- 

«id<fmUle  changes  in  the  to|n>grapIitcui  fentures  of  tlie  ccmntry, 
far  which  H'juson  rt*vi>.txl  snrveys  will  1k'  reLjnired,  and  tlicj^e,  like 
tlbr  prt-*i*nt  ones,  will  In*  liaNcil  on  the  operations  of  tlie  great 
trigooonH'tricnJ  ^vst<Mu  of  India,  which  are  intendctl  to  form  n 
killing  ittotiuinent  for  future  generations  and  mi  iniperishabk- 
fVcciH  of  the  landninrks  of  tlie  present  time/ 
TLc  pn>grjinime  to  l»e  carried  out  on  the  Nortli-w extern  side 
Uk*  '  gn-nt  are'  wvls  the  formation  of  a  great  fr/iuK'work  for 
4  griiiinm  .to  Ih'  t-alled  the  *  North-wv^t  quadrilateral "  with 
ivnumnni  ImMvs  iit  eiuli  of  it.s  fiair  corners.    Ju-st  u.s  tlie  *  North- 
otot  *  i|uadrilnterid  ha>  it.s  four  mm^ured  1mi>vOs,  viz,,  at  8rr<»nj, 
IMirn  I)oon,  Sotiakodn^  »uid  t'aleutla,  m»  that  on  the  North- 
wonkl  l>e  dependent  on  four  incA-suretl  lvi>e^  of  origin  an<l 
*  MI  at  Sironj,  IWira  Dooii,  Attock*  and  Karachi.  The 
fr  tif  the  new  (pradrilatend  iu*e  hounded  :  On  llio  ea^t 

hy  the  [Mjrtiou  of  the  '  great  are  serit-s lying  l>etwivn  Sironj 
md  IX4im  Uoon  ;  on  the  Muilh  hy  the  '  \Ve>tt'rn  longitmlinal 
iTTK**;'  on  the  north  hy  the  'North-western  Himalayan  &eries;' 
on  the  wc*t  hv  a  long  cliain  cjirried  up  the  valley  of  the 
frmn  KHraclii  to  AttiK-k. 
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The  *  North-western  Himalayan  series  **  firom  Dehra  Doon 
to  Attock  was  completed  in  the  year  1853.  Its  length  is  416 
miles  and  it  comprises  33,000  square  miles  of  very  hilly  country. 
It  had  been  commenced  in  1847,  but  its  progress  was  inter- 
rupted by  disturbed  political  conditions.  The  '  Western  longi- 
tudinal series  ^  extending  from  the  Sironj  base  to  Karachi,  was 
commenced  in  1848,  and  the  triangulation  reached  Karachi  at 
the  end  of  the  year  1852,  after  five  seasons  of  extremely  arduous 
labour.  The  length  of  this  side  of  the  great  quadrilateral  is  668 
miles,  covering  an  area  of  20,323  square  miles.  A  portion  of  the 
survey  crosses  the  '  Thur  **  or  desert  country  north  of  Guzerat, 
and  its  execution  entailed  much  skilful  arrangement  and  fore- 
thought for  the  due  provision  of  supplies  and  water  to  the 
working  parties,  numbering  about  200  persons. 

As  soon  as  these  two  great  series  were  approaching  comple- 
tion it  was  necessary  to  measure  the  terminal  bases  at  Karachi 
and  Attock.  A  suitable  site  for  the  latter  was  chosen  in  the 
'  Chuch  ^  Doab,  near  Attock,  on  the  east  side  of  the  Indus. 
The  valley  of  Peshawur  had  at  first  been  proposed  as  the  most 
appropriate  position  for  this  base,  but  the  idea  had  to  be 
abandoned  owing  to  the  disturbed  state  of  the  valley  at  that 
time,  in  consequence  of  the  frequent  incursions  of  lawless  tribes 
along  the  frontier.  Attock  thus  became  the  upper  comer  of 
the  North-west  quadrilateral  and  a  branch  triangulation  was 
subsequently  carried  to  the  frontier  at  Peshawur. 

After  the  measurement  of  the  Attock  base  the  apparatus  was 
.sent  down  to  Karachi,  and  the  base-line  at  that  place  was  care- 
fully measured.  The  remaining  side  of  the  great  North-west 
quadrilateral  was  to  be  formed  by  a  long  range  of  triangles 
extending  along  the  Indus  valley  from  Karachi  to  Attock. 
This  work  was  started  from  both  ends  of  the  line,  but  before  it 
was  completed  the  Sepoy  mutiny  of  1857  broke  out,  and  worit 
on  it  was  suspended  until  1858.  It  was  finally  completed  in 
the  cold  season  of  the  year  1860-61. 

In  1862  a  base-line  6J  miles  long  was  measured  at  Vizaga- 
patam,  a  point  on  the  '  East  Coast  series,'  nearly  in  the  same 
latitude  as  Bombay,  Tliis  base  was  to  serve  for  the  verifica- 
tion of  that  part  of  the  east  coast  triangulation  lying  between 
Calcutta  and  Vizagapatam,  which  had  now  been  completed,  and 
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»l»  for  the  |in>l(>ngati(in  froiii  tlie  lk-i\vr  husc  of  tin*  '  Rf)inbav 
]on^iu<!in/il  scries,*  thus  foinplctitt^  a  raji;j;t*  ipf  trimigles  ex- 
tending acmw  iUe  PciiiJiMulii  from  iroMst  to  coast.  At  the 
Vfzakga|>iUnni  Iwise  the  diflereiuv  in  Iciiglli,  measured  with 
the  GompciiBation  barn,  ami  mniputiHl  tlirou^h  the  friaiijyula- 
tion  hn>i]^hl  Jimn  from  ('alcuttu,  4^)  miles  *uvuy,  uos  a  (|uiirter 
€if  ail  inch  only.  Tlii^*  ga'wt  awnirui'V  iiulinili's  to  wluit  mi 
C9i:treDie  stato  of  prt-cisifiti  all  the  o|Terations  of  the  Suney  had 
iio^r  txvii  brtHi«;ht, 

In  lHti4  the  extensitm  of  the  *  Ea^t  Coasit  stories'  from 
VixitpifMitniii  to  Mticlnut  waa  eoinjjU'led,  Thus  afti^r  nn  in- 
tiT^'al  of  »iixtV'twt>  veats  tfie  trian^ulfitinn  wliicli  ]»atl  hcen 
vtttTtcii  hy  f'tiU>t»fl  Lfuithton  fn>in  a  hiise-liije  at  Madras  wa?t 
■gain  brought  \nwk  to  that  point,  having  in  th*^  nieantiine  made 
thft  Imi^  dreuit  via  liaiijfnlorc,  Strntij,  Calciitbu  aiul  the  Kn?<t 
Oosfit.  During  thi"  eour^e  of  eviTutioij  of  the  nmiii  framework 
of  the  tmngulaticm  now  ^ketchetl,  nearly  all  the  interior  con- 
iHeting  wries  of  meridioTial  ami  lon^itudimU  chains  foninng  the 
fftmcipal  gridirons,  were  at  the  sairie  time  Iwjrig  carrit^  on,  and 
*t  llie  fM'riiKl  to  which  we  have  now  arrived  the  larger  portion 
'►f    '  II  triiLiii^uIntitJii  Hjts  aeeomplished,  nlthotrn^h  it  wha 

\n  ■  lUmt  the  year  IhWlJ  tfmt  the  whole  system  of  chains 

AK  abown  on  the  accompanying  map  was  complete.  Since  that 
pcriiKl  the  principal  ii|K'rations  have  extended  ejistwards  into 
Buniui,  and  wi'st  wards  to  tfie  borders  of  llaluchistan  and 
AlgliuniMAii. 

The-  long  arms  of  the  all-enihracing  triangle  hax^c  also 
pmetratcMi  on  every  into  the  olherwine  inpenetrnhle  heart 
the  grvnt  inoiiTitjiin  ranges  which  separate  Hindustan  from 
the  rati  of  A^in,  and  have  nietLAiiretl  tht?  distances  apart  of  their 
fwfocib  chains  and  tlu-  lii-iglits  of  thdr  lot^y  inacct^sstble  peaks. 
During  tJie  progTv^  of  the  Great  Trigonometrical  Surrey  of 
In  '  '  ^  'i  ue  have  given  the  ven  briefest  |wssilile  out- 
In  part  of  the  tojK)graphtcal  and  detailed  surveys 

— 4rti  account  of  which  the  triangulation  was 
,  I    I     fijve  fHtri  jifunu  Ix'cn  earritnl  tm.  'Hie 

t  111  trinngki*  whicli  we  have  depietetl 

'  ill-lop,  or  from  tower  to  tower, 
ins  across  the  count rv  from  Aouth 
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to  north,  and  from  east  to  west — ^making  those  gigantic  *  grid- 
irons of  which  we  have  been  speaking — form  the  permanent 
framework,  or  skeleton  of  the  real  survey.  On  this  framework 
every  detail  and  every  physical  feature  of  the  interior  topo- 
graphy of  the  country  is — and  will  under  all  subsequent 
changes  continue  to  be — supported,  and  by  it  are  tied  together 
on  our  maps  in  their  true  relative  positions. 

The  whole  trigonometrical  system  of  triangulation  in  India 
now  rests  on  ten  measured  base-lines,  all  of  which  have  been 
measured  by  the  bars,  self-compensating  for  temperature.  These 
bases  in  order  are  as  follows :  On  the  '  great  arc,**  Cape  Comorin, 
Bangalore,  Beder,  Sironj,  and  Dehra  Doon.  At  the  eastern 
extremity  of  the  North-£ast  quadrilateral,  Calcutta  and  Sona- 
koda.  At  the  western  extremity  of  the  North- West  quadri- 
lateral, Attock  and  Karachi,  with  Vizagapatam  on  the  East 
coast  series.  For  purposes  of  symmetry  an  additional  base  at 
Bombay  would  appear  to  be  wanted,  but  for  the  practical 
purposes  of  the  topographical  survey  it  has  not  been  deemed 
necessary.  Anotlier  base-line  at  Mergui,  in  Tenasserim,  has 
lately  been  measured  to  serve  as  a  base  of  verification  for  the 
Burma  coast  series,  and  for  a  point  of  fresh  departure  in  the 
trigonometrical  survey  of  that  province. 

Before  concluding  this  rapid  sketch,  it  only  remains  to  briefly 
indicate  two  of  the  many  subsidiary  operations  connected  with 
the  great  survey.  It  was  especially  necessary  that  the  exact 
height  of  the  various  base-lines  above  the  level  of  the  sea 
should  be  determined.  Now  there  is  a  method  of  measuring 
heights  by  means  of  measured  vertical  angles  which  is  called 
*  trigonometrical  levelling,'  but  this  method,  although  capable 
of  a  high  degree  of  accuracy,  is  nevertheless  inferior  to  that 
more  general  system  of  carrying  forward  a  line  of  levels  and 
determining  heights,  which  is  executed  by  means  of  a  spirit 
level  and  staves. 

In  Upper  India,  where  the  distances  from  the  sea  are  very 
great,  it  became  a  matter  of  much  doubt  whether  the  heights 
as  hitherto  determined  by  means  of  trigonometrical  levelling, 
checked  only  by  barometrical  observations,  were  sufficiently 
accurate.  It  was  determined  therefore  to  undertake  and  bring 
up  from  the  coast  a  regular  series  of  spirit  leveb  as  the  only 
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rrliahlf  cIk-cK  fcu  llif  tri^ojiomL'trifiil  k'vellin*;  on  wfiiclj  Uk' 
/u•i)^hN  (*f  the  viirious  l>niii*-lints,  and  nlso  of  the  puiks  of  tlu* 
Hiiiiahivaii  raii^i-,  WLTObtill  iJt  pt'tHk'ut,  Tlif  Hrst  line  of  s|nnt- 
ii'vcliiiij^  wiu*  L-nrruMl  iifi  tliL*  ladiis  valk'V,  stfirting  fnmi  the 
tidal  traugc  at  Karachi  to  the*  AtbKk  ]>ase,  and  tu  the  Sirtujj 
•mi  iJvhni  l)<Mni  luLSf-linus^  in  nnler  to  fttrriish  n  precise  ^Irtliini 
or  rtxwl  hi*i;{ht  ulMiVc  thr  t>viu  f*>r  huhhi-tjiiunt  iiiountnin  opem- 
tUutA,  vrh<*Pt*  spirit-h'vollini;  wouid  he  out  of  the  question,  aiul 
al^i  to  iiKTrtniii  the  exact  elevation  !il>ove  the  level  of  the  sea 
%»(  numenm^  points  in  Siiwlh,  the  Piinjah,  atid  North-West 
IVninoi*,  for  the  use  of  the  survey,  and  for  the  servke  of  the 
nnti  other  erigiiiwrin<»;  departitieiibt. 
ITic  gn^it  tlii^lAriee  Ui  Ix*  U-velletl,  and  tlie  alxseiice  of  any 
n^rtain  check  at  the  eml  of  tlie  line,  neeessitiiteti  extraimJinary 
V  '  mid  minute  cure  in  coiKhicting  this  line  of  levels, 

lii  .  lirtt  every  poHsihk'  Koiiree  of  error  might  l>e  eliniinatetl 
or  iniiiiuiijtert,  it  wiw  nrran^d  that  three  sets  of  observers  should 
the  aainc  Hue  of  pe^  folloivinj;  each  other  in  eh»se 
Usinj^  a  .separate  instrument  and  stiives,  hy  thin  means 
any  important  error  was  at  once  detected,  and  to  eliniinate 
what  i»  calknl  Ihe  *  personal  error" — or  tlnit  error  due  to  per- 
«anal  prculioriticw,  such  as  eyesiglit,  in  tlie  diiferent  oUwrvers*, 
SB  alternating  uynteui  i>f  ohservatioris  was  instituted^  sio  as  to 
cnuntrrlMlnnee  ns  far  ns.  possihie  this*  together  with  eertnin  in- 
ktxutueDtal  errorn.  On  urrivin;T  ut  the  Attoek  Iwsw,  a  ilistance 
ovrr  700  mik-s  fnini  the  sen,  the  dItfFerence  between  the 
Iw^^t  of  a  point  on  tluit  Inise  n>  ^ven  by  vcrtiVjd  anglt^»  and 
m  now  fouiid  hy  spiril-k-vellin^  WiLs  ii  feet  2  ineheh.  At  Dehra 
Doon  bftM-  the  difference  was  5  feet  1  inch,  and  at  Sironj  2  feet 
1  inth.  Thin  line  of  spirit-levelling  was  afterward*  extended 
«Joc^  the  valley  of  the  Ganges  to  the  jtea  at  CalcuttH,  thus 
oocnplrttng  one  of  the  lon^je^t  lines  of  continuous  k*vellin|]j  up 
tu  that  time  exwutetit  the  distnnee  aking  the  line  levelled  from 
Karsehi  Iti  (  alruttn  Wiu^  iiJiOO  miles.  Sulise4|uejitly  otiier 
Um)g  linw.  of  ^inrit-levelling  i-onnecting  mimenm!^  important 
pimit*  of  the  Tri^ouonutrical  Survey  with  the  M*a  at  \arii>UH 
|iarl»  of  ttn*  ri.Mt>t  have  hi-en  ejirni-^l  out,  and  much  still  remains 
Id  he  umieKAkeu. 

j9UDulianeou«ily  at  a  tunnhur  of  HekvttHl  points  on  the  t'oast. 
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tidal  gauges  have  been  established,  and  observations  r^ularly 
recorded  to  ascertain  the  true  mean  sea-level,  and  furnish  a 
fixed  datum,  or  height  of  departure,  to  which  all  the  measured 
heights  over  the  whole  country  can  be  reduced  and  referred. 

On  the  completion  of  the  measurement  of  the  *  great  arc 
series  ^  extending  from  Cape  Comorin  to  Dehra  Doon,  a  basis 
existed  for  ascertaining  the  curvature  of  the  earth  on  that  arc 
by  means  of  astronomical  computation.  Various  attempts  to 
discover  the  true  size  and  figure  of  the  earth  have  from  time  to 
time  been  made,  commencing  from  a  very  early  period  in  the 
known  history  of  mankind.  Although  probably  not  the  first 
attempt  of  this  kind,  Eratosthenes,  custodian  of  the  great 
Alexandrian  library,  attacked  the  problem  about  250  years 
before  the  Christian  era,  between  Syene  and  Alexandria.  Some 
two  centuries  later  Posidonius,  an  Athenian  and  Rhodian 
philosopher,  made  another  attempt  between  Alexandria  and 
Rhodes,  by  observing  that  the  bright  star  Canopus  just  grazed 
the  horizon  at  the  latter  place,  whibt  at  Alexandria  it  rose 
7^  degrees.  In  each  of  the  above  cases  the  distance  between 
the  two  points  of  the  earth''s  surface  chosen  was  estimated,  not 
measured. 

The  Mohammedan  Khalif  Al  Manum  (a.u.  813-83S)  having 
become  convinced  of  the  globular  form  of  the  earth,  gave  orders 
to  the  astronomers  of  his  time  to  measure  a  degree  of  a  great 
circle  on  it.  On  the  shores  of  the  Red  Sea,  in  the  great  plain 
of  Shinar  and  by  the  aid  of  an  astrolobe,  the  height  of  the  pole 
above  the  horizon  was  determined  at  two  stations  on  the  same 
meridian,  exactly  one  degree  apart.  The  distance  between  the 
two  stations  was  measured  and  found  to  be  200,000  Hashemite 
cubits.  The  general  result  of  these  various  observations  gave 
for  the  earth''s  diameter  about  8000  miles,  a  determination  not 
very  far  from  the  truth. 

In  the  year  1527,  or  just  five  years  after  Magellan  had  for 
the  first  time  circumnavigated  the  globe,  the  first  attempt  made 
in  Christendom  to  ascertain  the  size  of  the  earth,  was  by  Femel, 
a  French  physician,  who,  observing  the  elevation  of  the  pole  at 
Paris,  went  nortJiwards  until  he  came  to  a  place  where  its 
height  was  exactly  one  degree  more.  He  then  measured  the 
intervening  distance  by  registering  the  number  of  revolutions 


GKEAT  INDIAN  TUKiONOMETRIC  AL  SURV'EV  59 


uf  n  whtM-l.  iiiu\  wunf  to  tlie  conclusiuji  tfint  the  firfumttTciU'c 
of  Iho  «irth  wns  ^^^^■HO  Itjiliaii  inilc^. 

Nummnis  uieasuivs  were  suUsequentlv  iiuuie  in  othtT  coun- 
tric*.  Om*  of  ^TQCit  nccuracy  \vsj<  tictcniiiiR'd  by  l*icMr(J  hi 
Frainv,  o<4fl>nikti  its  [mvinjr  finally  confimied  Ncv^'ton's  theory 
(if  universal  ^ravitntioii.  Picnnl  roimtrtod  two  dhhmi  points 
by  uinuLH  i»f  ii  tnariffulation,  HUt!  tfuis  asi^ertuineii  tlie  length  of 
«n  HIT  of  thr  meri<iinn  interccptcc!  Ix'twit-n  thi.Mii,  He  then 
\n\\  thf  iiU'H-suPi'iiu'nt  wiUi  tlii*  liitfV'i'^Mict'  of  the  latituties 
ii  .ii-i  l>y  ttstriiriomk'Hl  obnervations.  Tlie  two  points  chowa 
mvrv  situated  cluw  to  latins  ami  Amieiis,  and  tht?  Kt'nitli  dLs- 
ttnccvof  «  ( VsHio|yoiH  fteterniiiH'd  tho  Ijititttdos  of  tht*  twoplaccji. 
Some  years  later,  Piciiitl'n  ol)M.-n'iitioi»?t  were  extviiileti  l>v  the 
Krrnch  AcHdfiny,  mnl  in  ITIH  int'asnrertients  wen*  e«rru*d  out 
frtifii  Dunkirk  on  tlie  nortli,  to  the  sontlieni  ecNVst.  of  Fninee. 

Ttie  Inn*  ti|{iirv  4*f  tlie  earth,  whctlier  it  was  a  perftx't  gloix?, 
or  wbelh<T  it  protnuied  or  was  flattened  at  the  ]H>kw,  was  not, 
however,  fts  Vet  as4vrtjiineil.  In  order  to  detcnniiie  \hi^  |)oint, 
(TXprditi^ynK  Were  seTit  hy  the  FVench  Govenniient  to  meiLsiire 
dcgrm  of  Ih**  meriditin,  iit  the  et^uator  and  at  a  jxiint  situated 
As  far  north  its  possiMe.  ITiese  nKw^ureujents  made  in  IVn^ 
and  in  >i(i'edwh  I^iphmd,  confirmed  the  ol)Iale,  f^at tenet! 
form  of  the  enrtli.  Among  the  more  recent  measurements 
iBAiir  in  difTerent  pnrN  of  the  worUU  ]>  thr  one  nearly  ISA 
dc!^m*s  lon^,  from  Dunkirk  to  the  i^knd  of  loriiieuterfi  near 
Minotrm,  and  the  ^eat  Indian  meridional  arc,  of  which  wc 
h<  '  -peakin);,  Tlie  modern  more  necnrate  oliftervtvtions 
Hi'  i-eertain  the  true  si/e  and  (i^tirt*  of  the  earth  have 

ftHultttl  as  follnwH:  Ktpmtorial  diameter,  71^5  Hnj^rli^h  miles. 
PnLu*  diameter  7H5Ht  miU^.  Diffen-nce  twentv-sjx  miles.  In 
litiii*,  however,  1L-*  eUfu  here,  it  larame  de^iirable  that  the  rcjitdts 
4iould  hr  chwketl  and  veritictl  by  a  further  and  tnde|K"ndeiit 
^      '  itioM-H  iiiiuie  by  mejins  of  pen<tuhi[n  vibrations, 

tliittenin^  of  tlie  eartli  at  tl>e  poles,  tlie  force  of 
ysvitj  on  the  earth*  Mirface  is  not  every wtaTe  the  same;  hut 
{■Dprn*-'  A  hat  in  proportion  to  the  Utitnde,  from  the 

£i|aat<  '  le  it  iti  Icavt — tt»  tlie  |Hj|eN,  wliere  it  is  at  a  nia\i- 

UBK.  tVjns<H|uently  a  janididimi  swinginp  freelv,  having  a  eer- 
tun  number  of  vibrations  j>er  minute  at  t)ie  Ecpiator,  will  have 
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a  quicker  rate  of  vibration  at  the  poles,  and  at  every  intermediate 
point  l)etween  the  Equator  and  the  poles  a  slightly  accelerated 
rate.  By  oljserving,  therefore,  the  exact  number  of  vibrations 
made,  say  in  twenty-four  hours,  by  a  pendulum  of  fixed  length, 
at  various  selected  ])oints  along  the  great  arc,  the  true  tigure 
of  the  earth  along  that  line  could  be  ascertained. 

In  the  practical  carrying  out  of  these  observations,  however, 
many  refinements  became  necessary,  to  eliminate  various 
sources  of  error.  Even  to  fix  the  exact  rate  of  vibration  of  the 
pendulum  in  any  given  time  required  much  elaborate  arrange- 
ment. The  method  adoptetl  was  the  following.  The  obser\*ing 
pendulum  was  set  up  in  close  proximity  to  a  slightly  shorter 
one  attached  to  an  astronomical  clock,  the  clock  pendulum 
l)eing  shorter,  vibrates  at  a  slightly  quicker  rate,  and  gradually 
gains  on  the  other,  until  a  maximum  divergence  has  been 
reached.  At  the  end  of  another  inten'al  the  two  pendulums 
again  approach  each  other  until  they  exactly  coincide.  At  this 
iastant  of  time  the  observing  pendulum  will  have  made  two 
vibrations  less  than  the  clock,  in  the  interval  which  can  be  read 
off  the  clock  face.  The  exact  rate  of  the  clock  being  known, 
the  precise  number  of  vibrations  made  by  the  observing  pendu- 
lum in  twenty-four  hours  can  be  readily  calculated.  In  order 
to  get  rid  of  all  disturbing  currents  of  air,  the  pendulums  had 
to  be  swung  in  a  vacuum. 

Tlie  Bifcertainment  of  the  true  figure  and  density  of  the 
earth  is  by  no  means  a  matter  of  mere  curiosity ;  on  the  contrary, 
numerous  problems  of  the  highest  scientific  and  practical 
importance  are  dependent  on  its  correct  definition. 

The  extraordinary  value,  accuracy,  and  precision  which  char- 
acterises the  operations  of  tlie  Great  Indian  Trigonometrical 
Survey,  together  with  the  numerous  other  scientific  labours 
carried  out  in  connection  with  it  during  the  present  century, 
under  the  direction  of  the  British  Government  in  India,  has 
been  sufficiently  attested  by  the  highest  authorities  of  Europe, 
whilst  the  skill  and  energy  with  which  the  work  has  l>een 
accomplished  can  only  l)e  fully  appreciated  by  those  w^ho  are 
specially  acquainted  with  the  extremely  adverse  conditions 
under  which  it  has  been  carried  on. 

The  present  brief  and  niere  outline  sketch  of  these  vast 
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tiperutiunj*  convi'xx  hut  a  iiii*s.t  fragmcntjin  aud  iuadotjuate 
prturc  of  the  enomioii*  amount  of  ImI^jih-,  whellitT  in  tlie  f\v\d 
or  in  tht^  ofTirt*,  whirli  {hv  Grviit  'IVti^oTionu^f nojtl  Survey  of 
Iiwiitt  has  impo:»i>il.    To  rcc4>unt  tlif  t'\tvptiiHial  tliifitulti«5  and 
olaiaclesi,  phy^iriil,  politim]^  ami  r]iin»ttic,  which  have  lH.*ejj 
krvt!  and  Htcccssfully  ovctvonif  liiirin;^  thr  prop^rt'SH  of 
.Hill  work,  i*()ii!d  alotu'  reipiire  a  votuiiif.    Siicli  a  rword 
would  cxhii»it  ono  of  the  highest  tnuiiij)hA  of  Hrtt'iNh  oiit-T^^y 
'  ■  1  ivt'd.     It  wnuUI  dfjHft  ihv  anlinMis  Un]  with 

■         I  u   liUicc  of  it>  main  object,  the  lal>uLjr  wits  ntrriLit 

OD  over  uome  of  the  widest  and  most  dcmlly  tniet-s  of  Awamp, 
i ,  porhap*  anv'rtluTe  to  Ik^  finiiu!,  aiitl  it  would 
p-  J  ■     t»le  hJ^^' of  luiiiinii  life.    In  the  eonrsi' of  its  loii); 

pniKTCM  we  Ahoulil  see  the  alnniHt  impaasable  aiid  most  stupeu- 
♦ain  barrier  in  the  worUl  eontpieri"*]  and  hiid  Iwire  to 
'>t  ri*c\XM.*s.  \W  shouhl  sev  the  Mgiml-stations  of  the 
mamex  plAiitcnl  triuniphaiitly  on  luflv  ^now-diul  f)e»iks  never 
befimp  tnidden  hv  the  foot  of  niniu  and  coverin);  enonnouh  hlllv 
tnctftuf  prtmewil  juni^ie,  untH-euj^teil  U\\  and  altn4>st  itiiu-ee.>isibli* 
to,  human  btinjjs.    Finally,  ^e  >houhi  witness  the  patient  And 


'  i-'lnew  witti  whieh  aW  the  vast  stores  of  data,  and 
iiii'  .  u,  hu  lalK»rjou>ly  eolk-ctwl,  is  eoIlrtUtl,  and  the 
Wamtafc  diaiiu  of  trianji^K's  lu^  conipiiteil  and  .sU>wIy  ptet^ 
iur  ^  I  the  etjmputing  anti  drawin*?  ofliees  of  the  survey, 
mi:  nH,u!t-H  tlie  perfivtioii  of  that  ^reat  skeU'ton  fnune- 


vijrk,  ou  which  moulded  in  minute  and  lUTtiratc  detail  the 
tii|)Oj^phiral  feahir«'«  of  eoiLsiderahly  over  a  niillion  square 
miltai  of  Ihe  earlhV  i»urtiuv. 

Mtit^ — Thr  i1:\tn  iitt  thisTCTT  condcnscd  account  of  ihc  Great  Indua  Trigonu- 
ttminoLj  '•c  liccn  largely  derived  from  the  mcmonLnddi  on  ihc  Indian 

imntyt  i  ;  <  Markluiin  and  C  md  D,  Black  U^93j— and  other 

"friil  fmpcn  and  nportt. 


ROADS    IN  INDIA 


CHAPTKU  I 


iiijrroBiiAL — XATivK  woiiKa — I'ltixriri.Es  of  coxsTRrrnoN 

KoaJ*  in  Europe — Diversity  <sf  difliactcr  of  Indian  roads — Devious  louics  of 
lUtiml  trade  tracks — Road&  under  the  Moguls— Old  bridge* — Bridge  over 
the  Gomti  aX  Jianpare — Northern  Road  from  Lahore  by  Shir  Shah — 
'Pqnt  i»itu  kft  Seran/  Jiigganath  to  Delhi — Ancient  road  bridge  tad 
iquftduei  in  Mysore — Old  riAiivc  road  in  AA&ani — CirAvanserais — ^Bockward 
Mte  of  roads  in  coiLy  days  of  English  ruk — Lord  Elphinstone  proposes 
roads  foe  Madroj — Jnaugurauan  of  reform  under  Lord  Wiilimn  Beniinck— 
ObeiT&iions <}n  bytog  out  and  construcLtng  rctads—  First-class  roads — Hill 
roatls — Laying  oMi — Deviations  and  moderate  curvature — Earthworks-^ 
Borrow  piU — Opeiungs  for  culverts  and  smadl  bridges— Waterviray  and 
bridges— Setectton  uid  consolidatiotl  of  road  melml — Varielicft  of  maieiiftli 
•nd  modci  of  application^Binding  material— Kamnnng  and  rolling  lO&d 
cacuV— TrcM  on  n:»d>s)des — Resl-hou»»  and  jtagitig  bungalows. 


t>Al>S  ill  thf  iiirHlem  sense,  Hint  is 
to  nav,  tiiiUaukeil  liiita  of  way^  well 
dminctl,  with  easy  iiiclinfttinns  tind 
lutr*l  Miiootli  isurfams,  alitiwiiig  the 
itsi'  of  vkJiet'litl  tmfiic  with  a  uiini- 
iiuiin  of  rc»istaiut%  and  carried  hy 
iTimiis  of  rn:stxi  Uritlgtrs  over  Uiu 
water-courses  of  a  countrvt  were 
pructic-ally  unknown  in  India,  until 
H  coii»])arHtiveIy  \en'  rtreiit  periotl* 
In  Europe  public  rcwUs  may  Ik? 
ela?^*d  uiuUt  tw4>  liemls,  vi/.^  iimiii 
Icmlin^  or  '  t  iit-ti|]iki> '  romU,  aiul 
crom  countrr  rottdt.  There  \h  sekioni  any  iltrtl'reiiee  Ix'tween 
them:  two  rln-w^,  except  that  the  tnatn  roatln  liave  n  greater 
mfiicr  ii'idUi,  and  easier  grndirnt*  than  the  si^*iindary  clasH : 
both  tixv  itiet*lU'd  and  liridged  throughout.    In  India,  how- 
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ever,  there  is  a  far  greater  diversity  of  character  in  the 
public  highways.  Like  the  main  or  '  turnpike '  road  of  Eng- 
land, the  Hrst-class  Indian  road  is  embanked,  is  of  ample  width, 
well-graded,  drained,  and  everyii-here  metalled  and  bridged. 
The  second-class  road  is  also  embanked,  of  the  same,  or  of  a 
smaller  width  of  road-bed,  is  drained,  metalled  on  the  surface, 
but  not  yet,  or  only  partially  bridged.  Or  again,  a  second-class 
road  may  be  embanked  out  of  reach  of  floods,  and  drained,  but 
neitlier  metalled  nor  bridged,  often  ha\'ing,  however,  permanent 
causeways,  temporary  bridges,  or  other  facilities  for  assisting 
traction  across  the  beds  of  the  water-courses  during  the  dry 
season  of  the  year.  These  second-class  varieties  of  roads  may 
be  either  virtually  first-class  highways  in  a  state  of  transition, 
or  may  be  intended  to  remain  permanently  as  designed  and 
made.  Still  lower  in  the  scale  are  the  sur&ce  tracks  of  more 
than  one  kind,  usually  called  '  fair-weather  roads.'*  In  the 
better  class  of  fair-weather  road  the  course  is  systematically  laid 
out  over  a  selected  line  of  country.  For  a  width  of  from  30 
to  50  feet  the  surface  is  cleared  of  jungle-growth  or  other  ob- 
structions, ditches  on  either  side  are  cut  to  serve  as  drains,  and 
the  earth  from  these  ditches  is  thrown  into  the  centre  to  level 
up  the  worst  hollows  and  inequalities  of  the  ground,  and  to 
assist  the  water  to  run  off  into  the  side  drains ;  or  in  very  low 
ground  a  slight  continuous  embankment  may  be  thrown  up. 
The  banks  of  the  larger  and  more  troublesome  streams  are  cut 
down  to  an  easy  slope,  so  that  carts  may  pass  over  the  bed  of 
the  river,  either  directly,  if  the  bed  is  firm,  or  by  the  aid  of  some 
temporary  or  even  permanent  causeway  laid  over  the  worst 
portions.  During  eight  or  nine  months  of  the  year,  or  even 
longer  in  certain  districts,  these  inexpensive  fair-weather  roads 
are  of  great  service.  Other  fair-weather  tracks  are  formed  by 
merely  clearing  the  surface  of  jungle-growth,  and  easing  the 
approaches  to  the  beds  of  the  intervening  streams,  without 
drains  or  earthworks  of  any  kind.  Other  tracks  are  almost 
unaided  by  any  labour  whatsoever,  the  traffic,  veiy  much  as  a 
natural  stream  of  water  might  do,  wearing  for  itself  a  passage 
along  the  easiest  and  least  resisting  line  of  country. 

During  the  dry  season,  when,  in  the  plains  of  northern  India, 
or  on  the  elevated  plateaux  of  the  Deccan,  the  surfooe  soil  is 
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iKiked  ami  hanleiied  under  a  fierce  tropica!  sun,  wlieelwl  traffic 
in  n'lidrml  possible  nhy\\*r  (k  viatiTij^  tortuous  liiK^s  of  route, 
often  ctnerina:  very  wide  stretches  of  country,  with  no  ex^x-ndi* 
tun?  iif  nioin'y  or  skill,  lK*yond  the  oceasidiml  easing  down  of 
safne  trifling  natural  nhstnele,  ^K'h  an  the  Iwiuk  of  an  intcryeri- 
ing  utrwitn  t*K>  »teep  to  iKltnit  of  unnitJetl  passage,  or  ttie  felling 
mnd  removal  of  a  few  shnit>s  or  trees.  Sueh  surface  trade  tracks 
— often  <if  great  width  and  ileeply  fissured  with  heavy  ruts, 
scarcely  visibU%  however,  throir*^li  tlie  thick  eon.ting  of  fine  in - 
piilpAhlc  Hust  — ur*etl  for  the  tran.sit  during  the  dry  seaj»on  of 

fclvhAndi^le  earrie<J  on  the  Iwieks  <if  pm'k  animals,  or  in  rude 
U  dniwn  hy  yokes  nf  IndltHrLs  -^tervecl  prolMil)iy  for  untold 
ccnturie;*  all  the  riMjuireinent^  of  tlie  internal  earr^'ing  trade  of 
the  oountjy,  ami  even  stSll  forms  a  not  inconsiderable  portion  of 
the  countrv'ji  hij^hwavs.  In  many  of  the  more  nndulatin;^  and 
hilly  di^rictj*  In  the  central  portions  of  India,  the  extrai^rdinary 
devious  Ci>urs<'  taken  )iv  some  of  these  well-worn  trade-tracks, 
oficti  evidences  in  a  very  striking  way,  the  complete  ajiatliy  of 
the  earlier  |Mipulation»  and  their  ne^rlet^t  of  all  considerations  of 
cuavenience  luid  economy,  as  well  as  their  wtuit  of  ordinary 
attention  to  the  physical  configuration  of  the  country.  Not 
neldom,  it  may  be  reniarktxl  that  a  few  hours'  lalx>ur  would  re- 
iiMive  *onu'  triHtrifj  (»li>lucle  in  the  <lirect  line  of  mute*  and 
obviate  jui  enormous  actual  dcvi^itioti,  xVt  other  times  it  will 
he  ofaHrrvt*d  tliat  in  order  to  cross  n  snuill  ittream  at  Home  point 
where  the  nntunvlly  shelvin/j  banks  affnrd  an  ea^y  di*st^ent,  a 
track  will  lie  found  to  deviate  a  do/.eJi  miles,  which  the  nrtifieial 
onnng  of  the  nearer  Imnks  in  the  direct  line  would,  by  a  few 
hoon*  wori,  have  obviated,  aitd  this  where  the  natural  ford  in 
equal  In  Uie  one  eluiM'ti,  or  even  more  favourable.  The  prac- 
tical and  energetic  Kuropean,  however,  soon  ceases  to  wonder 
«t  IhwH.'  tlitn^it — reeo^iisiujf  that  he  h  in  a  new  world,  where 
lima*  is  of  no  value,  and  where  it  is  every  one's  duty  literally 
in  f<illuw  doHi-lv  in  tlie  fi>oLste]w  of  his  immediate  predecessor. 

■'  '  eotin-e  ftilliiwed  by  these  natural  trade-tracks, 

e\i  _  .1  small  liiniU  of  deviation  proUibly  forages — > 
ai|WCMiiy  in  ihoM.^  parts  «>f  the  country  outside  tlie  great  plain 
ibtricrt*  of  I'pper  Inilia — were  eonsideretl  by  many  unreflwting 
to  jHiint  Old,  .xs  if  under  an  infallible  law  of  natural 
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selection,  the  l>est  poswiible  lines  of  rout*;  forpcrnmnent  ro«d  ct  i^i 
strLiction.    Nothing,  however^  t'cmlil  he  more  tallacitms  than     s  cH 
an  idea — an  idea  whit^h  has,  neverthckss,  liecn  the  cause  of  m  ^Jte 
or  less  costly  mistakes.    In  India,  wJiat  may  l>e  called  the  nati-m.  n 
flow  of  wheeled  tmfHe  unassisted  by  art,  follows,  as  a  infttte»~  q 
course,  the — to  it — easiest  line  of  country,  luit  it  ih  only  'fhi 
ea.siest  unassiisted  line,    A  very  little  examination  of  the  country 
usually  serves  to  show  that  the  removal  of  a  few  ei>ni])arati"\'e^v 
Kmall  o!>staeles  will  often  to  a  prodii^ions  extent  sliorten  niui 
cheapen  a  natural  track  Ix^tween  two  points  distant  a  gratt 
inanv  miles  from  each  other.   In  the  earlier  days  of  Knjzlish  nwf/- 
makinw  in  India,  wlieu  as  a  matter  of  nueeHsity  the  work  hati  to 
l^e  largely  projected  and  executed  Iiy  unskilkxl  agency — even  such 
an  obvious  consideration  as  the  above  wass  jiometiines  overlookwl. 

It  \&  very  doubtful  whether  the  IViogul  Emperoi^  devoted 
nnich  money  or  CDn.sideration  to  the  question  of  pennanent 
roads.    Very  little  evidence  of  stieh  exists  at  the  present  day, 
and,  in  any  ease,  it  is  certain  that  on  no  siuj^le  line  of  tratlic  was 
communication  open  except  during  the  dry  season.    Many  nf 
the  minor  streams  near  the  larger  cities  of  Upper  India  were 
indeetl  hridgetl  h\  the  Mogid-s,    Some  of  these  bridges  have  no 
doubt  been  carried  away,  and  aJl  trace  of  their  former  exist- 
ence has  been  long  lost.    Such  as  remain  are  singular  strnr- 
tures>,  not,  however,  unlike  many  of  the  older  l>rid;^c^!  in  Evirope. 
They  consist  of  what  at  iirst  appears  to  Ik*  a  u«wsive  Ijarrier  or 
dam  of  masonry  or  brickwork,  perforateil  with  immerous  small 
pointed-arched  openings,  often  of  very  irregular   Hiw,  and 
affording  an  open  area  for  the  passage  of  the  water,  greatly  Ion 
tlian  the  area  of  obstruction  presented  by  the  piers.    The  whale 
bridge  is  ustmllv  fouudetl  on  ?*mall  welt's  supporting  a  eontimi- 
ous  mafit)nry  platform,  and  it  is  to  the  latter  eircumhtauee  tha 
those  which  remain  standing  have  so  long  withst»H>d  the  violent 
floods  to  wliich  tliey  have  so  often  l>eeii  exposetl.    No  doulit  in 
many  instances  these  Jiridgea  were  left  isolated,  and  w 
dangerous  or  inipoissible  to  approach  dunng  the  Hood  seasons^ 
and  the  bridges  theniHclves  have  l>een  preservitl  by  the  extemive 
washing  away  of  their  approach  banks.    An  intercstuig  and 
pictnrestpte  e\ani]>lc  of  these  Mohaminetlan  structures  h  the  old 
bridge  over  the  Goomti  at  .Jaunpore,  of  whicli  an  illu.stratii]ii  is 
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given.  This  really  extraordinary  bridge  has  successfully  with- 
stood the  floods  of  centuries,  and  has  probably  often  been 
buried  beneath  the  waters.  Even  so  late  as  the  year  1871,  ten 
feet  of  water  passed  over  the  roadway,  carrying  away  all  the 
shops  that  then  existed  on  the  piers.  In  the  Panjab  from 
Lahore  northwards,  the  general  direction  of  a  road  made  by 
Shir  Shah  in  1540  can  still  be  traced  by  the  rows  of  ancient 
trees  and  brick  pillars  at  inter\'als  of  two  miles.  The  road 
appears  to  have  followed  the  natural  level  of  the  ground,  and 
was  neither  metalled  nor  drained.  It  was,  however,  partiaUy 
bridged.  Some  of  the  bridges  still  remain,  and  others  no  doubt 
have  perished,  leaving  no  trace.  Remains  of  ancient  made 
roads  are  to  be  found  in  Bengal,  which  show  that  the  former 
rulers  of  the  country  were  not  altogether  unmindful  of  their  ad- 
vantages. One  called  the  '  Pepul  putta  ka  Seran,^  lined  with 
Pepul  trees  on  each  side,  extended  a  thousand  miles  from 
Jaganath  to  Delhi.  This  road  was  from  60  to  70  feet  broad. 
It  was  embanked  over  low  ground,  but  was  unmetalled.  In 
several  places  it  was  bridged,  the  piers  being  12  to  14  feet  thick, 
and  the  arches  of  the  usual  narrow  pointed  form.  In  Mysore 
some  remains  of  bridges  of  still  greater  antiquity  have  been 
noted.  One  such  bridge  was  constructed  over  the  south  branch 
of  the  river  Kaveri  near  Seringapatam,  probably  at  a  period 
dating  before  the  usual  construction  of  archwork.  A  portion 
of  the  bridge  serves  as  an  aqueduct  to  convey  water  frx>m  the 
river  to  the  town.  The  structure  is  of  the  rudest  kind. 
*  Square  pillars  of  granite  are  cut  from  the  rock,  of  a  sufficient 
height  to  rise  above  the  water  at  highest  floods.  These  are 
placed  upright  in  rows,  as  long  as  the  width  of  the  bridge,  and 
distant  about  10  feet  from  each  other.  They  are  secured  at 
the  bottom  by  being  let  into  the  solid  rock,  and  their  tops 
being  cut  level,  a  long  stone  is  laid  upon  each  row.  Above 
these  stones  others  are  placed  contiguous  to  each  other,  and 
stretching  from  row  to  row  in  the  direction  of  the  length  of  the 
bridge.  The  celebrated  bridge  over  the  Euphrates  at  Babylon 
was  constructed  on  similar  principles.^ 

Major  Briggs,  Superintendent  of  Works  in  Assam,  reporting 
on  the  proposed  Assam  trunk  road  in  1863,  gives  an  interesting 

>  Mill's  History  of  British  India, 
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umiunt  of  Mwm*  olti  nftHvc'  road  wt>rks  in  thnt  provinci*.  IK- 
sayjs  •Tiii'sf  jiticivnt  rulers  of  Assiim  fully  aj>prf'naU'd  {Ue 
inodcukSk'  advajitAjji-s  to  thv  country  of  intmojiiriMimcati^jii 
\r\  kiuj^  ;tml  ri'stnunt  u]nm  llir  iiRiirsious  of  tho  writer.  All 
ihv'ir  nuuls,  "  Allws,"  as  tliLT  call  thtnti,  wltl*  t-unstructeil  with 
Ihiv  (louMf  uhjitt,  its  Iji^iiwuys  above  the  line  of  flotxl,  ajitl  its 
***uuuLs^        iinhHiikiiitnith)  to  fontixil  the  iiumdrttions  of  their 
riven*.    Fnim  ulK>\e  the  s)Kit  v^here  the  Dihong  aiul  Dihuii^ 
join  the  linihiTiapiitrn,  chmn  to  the  farthest  tontines  nf  the 
Kmnrup  iJiftriet,  n-lies  of  tlieir  f  (forts  iviimiin  winch  for  Inild 
niifititvrint;  Akill  ttmi  wonUerful  contempt  of  difficulties,  deserve 
tonink  with  the  work.^^^f  the  oiti  Jioinans.    Tlieir  lines  of  roail 
*¥Pf  ^i»eTiilly  Mi  well  chosen  as  to  ilireetion,  th)it  if  weeiin  only 
afbrd  to  nu&ke  unr  rofiilwrtv  as  massive  as  their  1h>I(I  project?* 
Piijuirr,  ntiiiiv  portions  ot  their  work  nuu"  he  ml<iptetl.  To 
unite  their  ettorU  with  our^,  thou*fh  yettrs  roll  iK'tweeii  us,  aiul 
(ucnnipMe,  repair,  unci  hrin^  into  use,  what  internecine  wars 
«tti  forci/jn  invjinioiis  prevehtetl  theni  fnun  (loin*:,  has  through- 
out a  ioti^  iuu\  iiniunus  survey  lR*en  iiiy  constant  endeavtnir/ 
And  again,  *  At  the  jianie  time,  in  nmny  <)f  tlie  ^eat  plains  at 
pmrnt  xuhjeet  to  puriial  ininHhition,  the  nxul  emlmnknient 
na^i  he  capable  of  foiilnvllinj^  the  inuntkUious  of  the  Brahina* 
putru,  luiri  NO  MTvv  iiie  tlouhle  purpose  of  nwulway  and  IjujuI.^ 
Bm&i*  wa<^  Mieen^^fnlly  done  hy  the  old  rajahs  of  Assam*  When 
^U^atii  liudru  Sin^h,  upwards  i>f  a  huudnil  years  ago,  eoiii- 
QkromJ  tile  preM.'nt"Hor  Allee    (f^reat  r^wwl)*  also  at  places 
mllnt  tin'  "  DfuKtnr  Alice  "  {complete  rorul),  he  desi^ne*!  it  to 
appoic  ail  iiiipetretrafilc  iMrricr  to  the  H'hkIs  of  the  ^reat  river, 
*i  well  JU  ii»  altonl  the  niottt  direct  line  of  comniunicatioii 
1«!twie«ni  ?nipc»rtntjt  }»<>ints  of  the  country.    It  wiis  never  com- 
pkird,  hut  the  portion  lietwt^'ii  Jaipur  and  Jankaua^  near 
Jorpath,  ttlx>ut  so\enty  niiK*s,  remnins  t<»  show  the  stupendous 
nature  of  Itie  work.    Fhhu  Ifie  height  of  the  enilwuikmont  it  is 
Ttnible  two  miles  off.    The  width  ni  top  is  :35  to  K)  feet.  It** 
mums  lift  fttrtu'rally  perfei-tly  straight^  and  where  there  is  a  bend, 
th<  ^  forine<l  with  nuitheinatieal  precision.    'I'he  trenches 

an  .  „  :ih  in|UH]  re^uhirity  atal  never  appnwieh  nearer  thiui 
100  fcrl  to  the  nuu]  eentn*.  Sci  thoroughly  ha*;  it  n-fornied  thr 
water  syntcfii  of  the  country,  that  in  one  pimv  tfie  w  hole  drain- 
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agf  of  thirty  injle^  pHsM.*s  thmiigfi  four  opening  of  al)out  100 
feet  each,  and  the  sides  of  tfieso  opeiunjrs  Unw  not  \wvn  eroded 
by  the  pa-sw^t^e  of  thu  WHters  for  tiiore  thnn  ft  century;  the 
estimated  mvu  of  vvflU'rwiiy  oij  a  line  panillel  to  this  \mrt  nnd 
further  inland  was  718  feet,  (wcordin^^  to  a  ftirinor  survey  inatle  ; 
only  one  of  the,se  opening  was  hridj^nl,  as,  aeeordin^  to  the 
present  tratlitinti,  the  iJengali  architttt  sueeeeded  t<H)  well  in 
plen.'^ing  the  Raj rIi,  who,  fearful  of  so  accomplished  a  |>eiMon 
retuniiiij^  to  IkMi<ial,  and  ofiVritjg  aid  to  the  Rnti^h  (iovernnicnt, 
eaused  him  to  hv  sti'rtnijle*!.  Tin*  Jorpati  p('o|do  j^'epo  nio^t 
solicitous  thttt  tlie  line  of  the  Bor  AUee  "  should  l>e  ^4dnpted 
for  the  trunk  roi»d,  and  javdieted  the  uri'eatest  henefit  to  the 
eountry.  They  tliought  the  adoption  of  any  other  line 
unworthy  of  so  ^reat  a  Government,  when  their  own  RAjaliH 
had  Muccessfullv  constructed  a  portion  of  the  ^^'at  road,' 

Perhaps  the  best  eviilencc  of  attention  to  a  matter  of  jniblie 
road  convenience  to  be  met  with  under  native  rule,  is  to  lie 
found  in  the  C'aravan*iarips.  Tliese  erections,  often  of  ^reat 
size,  consist  of  lar*;e  stpiare  or  reetangidar  enclosures,  hnvjnp; 
usually  two  massive  arched  gateways  or  entmnces.  Along  fhe 
inside  of  the  enclosure  walls  are  rangtM.1  a  weries  of  sliirhtlv  rniw^d 
chambers  or  recesses, each  lar*;e  ennii trh  to  fieconunodate  a  niiut  and 
his  horse.  The  centre  of  the  enclwure  is  for  cattle,  aiul  m*ncrally 
ctmtainsa  public  well  and  drinking  trou^^h.  The  entrance!^  were 
closed  at  night  and  kept  ^uardctl.  These  shelters  aflbrdetl  fR*c 
protection  to  travellers  and  their  merchandise.  Maiiv  ai^'  *ttU 
in  use,  and  are  maintained  by  the  ICnfljlish  Government, 

It  is  not  easy  to  account  for  the  extremely  backward  state  of 
road  cotnniunicJition  for  many  yeaw  succeeiiing  the  establish- 
ment of  En^^lish  rule  over  a  large  jjortion  of  India. 

Alwut  the  year  1818,  s]jasmodie  etforts  apj^ear  to  have  l)ecn 
made  to  inijirove  the  native  tracks,  and  the  Murphis  ferr\'  tunds 
were  assi^ed  fur  this  purjsose,  cmivict  ialK)ur  Ikmu^j  ma^tlv 
employed.  Ij\en  so  late  as  tlie  year  18!30  it  is  recorded  that 
M>ey4)nti  SO  miles  fvon\  Calcutta  the  roatJs  communicating  with 
the  principal  stations  of  tlie  Upper  Province's  were  in  \m>  l>t*tter 
jitate  than  in  the  time  of  tlie  MofruLs,'  and  up  to  at  leant  ten 
years  later,  the  Government  dcsi>atches  were  still  carried  on 
menV  liacks  to  Agra  and  DeUii  and  the  Nortli-West  I'rovinccs 
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at  tJ»e  mte  of  3  or  4  miles  rii  hour.   'I'lic  t^xtrmirciimiry  neglect 
•ifii  which  tJic  suliject  i)f  improved  roiul  eonnuuniiAtion  wtta 
frvfiUil  by  titi*  t*iir!y  f^ovt-rnment  of  the  Mnst  India  Company^ 
taukiiot  U*  «lt*»gfther  iiHcribtM]  to  want  of  fimtls,  tis  no  doubt  thv 
money  could  havi*  lieen  found  if  the  need  had  l>een  n*t*n^iisetl 
a*  pn-viin^.    The  cxctvdinj^ly  low  co^t  of  thf  ciirria^'  of  pro- 
liiice  by  lUv  (iiui^^s  and  other  rivers^  an(l  over  the  natund 
l)t*Atm  tmck,s  of  the  country*  no  doubt  prpventetl  attention 
U-iii^  -itniUKlv  direeted  to  the  net'essity  of  umde  roiuls.    It  is 
*aid  tluit  wJiort  I^rd  Klphin^tone  was  H])pointed  Governor  of 
Motlrais  he  proj)ost\l  tJio  construction  on  a  comprehenHive  sc^Ie 
of  new*  x^nuU  in  thjit  I'n'sitleiicy.    The  idm  appeared  so  ridieu- 
icKb  to  men  in  autJiority  at  tlmt  time,  thnt  a  cerbiin  mcndx^r 
of  the  council  wrote  home  to  England,  *The  silly  young 
nobleman  actunflv  talks  id'  nHikiri^  roads/   There  seems  to  have 
firm  n  »»ort  of  impression  that  made  roads  were  a  ttuperHuouM 
luxury  in  India.    On  one  occai*ion  the  Govenin»ent  Iwing 
pr%"swii  prtibablv  bv  mjuu*  cntbuHiast,  sent  oyi\  circulars,  inviting 
the  vario*is  dintrict  collectors  to  ^end  in  a  Ntateuient  of  what 
ififtrict  imd**  they  considcretl  ntvessRry  to  develop  the  re- 
«urctr«  of  the  eoiudry.    Tliere  is  a  ,story  cura^nt  that,  in  reply 
to  tiiLi  circular,  an  ingenit>us  collector  rc]»orte<i  that  *  no  roads 
wrrr  r«|uired '  in  his  district,  *  liecauHc  the  pet>ple  there  did  not 
ibut  carried  rvcryUiing  in  panniers  on  the  Iwcks  of 
In  courw  tif  time,  however^  it  came  to  l>e  moiv 
giSMmlly  ixxogniMil  that  main  lines  of  nictalkHl  and  hridgtMl 
public  romLn^ — uttenng  facilitich  t\ir  the  transport  on  wheels  of 
Hnd  miUtiirv  iHiggagc— wen*  anion^  tlie  Hrst  neceHsitien  of 
the  State,  and  that  an  improved  condition  of  the  commercial 
If  country,  to  \owrr  the  cost  of  produce,  was  an 
itwdent  to  all  prc^gre^s.    It  \s  to  I^rd  William 
Bratinck  (IHiiH-lKHS)  that  the  first  inauguration  of  refonn  in 
this  matter  of  pid>lic  nvul  constnicttou  is  to  Ih*  nttributt>d,  and 
H  WW  during  his  administrntitin  that  the  liist  important  Hte|)s 
•wr  taken  tor  the  coti.struction  of  il  pentianetit  high  road,  for 
Mufiiar'  uuncrcinl  puqMvst^,  tii  connect  Calcutta,  with  the 

ibtelit  ^  ill  the  rpjKT  IVovinci^*.* 

»  Kidt  •MJic  WtirV*  In  tlie  Bingal  Pmidcncy,'  vol.  xvii.  J*rec.  Imi.  c/ 
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Before,  however,  referring  to  that  early  example  of  Indian 
road  construction  known  as  the  ^  Grand  Trunk  Road,'*  now 
extending  1500  miles  fix>m  Calcutta  to  Peshawar,  it  will  be 
convenient  to  make  a  few  observations  on  some  of  the  more 
simple  elements  and  principles  of  road  engineering  in  India,  for 
the  benefit  of  the  unprofessional  reader. 

The  selection  of  a  suitable  line  for  a  first-class  road,  even  in 
a  moderately  level  country,  is  a  matter  requiring  some  profes- 
sional aptitude  and  skill,  and  in  a  mountainous  or  hilly  countiy 
a  very  high  degree  of  engineering  proficiency,  combined  with  a 
keen  and  practised  talent  for  rapidly  detecting  the  framework 
of  mountainous  masses,  and  the  conformation  of  the  valley 
systems  to  be  dealt  with,  so  as  to  avoid  losing  the  advantages 
of  elevation,  regularly  gained.  A  badly  laid  out  hill  road  may 
impose  the  lifting  of  the  whole  weight  of  traffic  to  a  height  for 
beyond  the  total  altitude  to  be  actually  surmounted,  w^hilst  a 
good  line  will  continue  its  course  at  an  almost  imiform  and 
easy  slope,  losing  scarcely  anything  by  descent.  The  laying 
out  of  a  line  of  first-class  road  over  a  tolerably  level  plain  dis- 
trict is  a  comparatively  simple  matter,  but  even  here,  the  choice 
of  country  within  certain  practical  limits  of  deviation  requires 
intelligent  co-ordination  of  means  to  ends.  It  will  not  suffice 
to  take  a  ruler,  and,  on  the  map,  draw  a  straight  line  from  one 
point  to  another.  In  the  tirst  place,  the  cost  of  ^  metalling,** 
that  is,  placing  hard  material  for  the  wearing  surface  of  the 
road,  will  cost  maybe  six  to  eight  times  as  much  as  the  cost 
of  earthworks,  and  after  the  road  is  made,  the  ^  metal  has  to 
be  periodically  renewed  as  worn  down  by  the  traffic ;  hence  the 
neighbourhood  of  quarries,  where  stone  metal  can  be  obtained, 
or  the  facilities  for  obtaining  other  kinds  of  metal  used  in  road 
making — such  as  that  concretion  of  carbonate  of  lime  in  hard 
nodules  called  in  India  ktmkay  or  gravel,  or  even  hard  burnt 
broken  brick  and  sand,  have  to  enter  into  calculation,  so  that 
it  may  be  decided  how  far  it  will  pay  to  sacrifice  the  absolutely 
shortest  line  for  the  sake  of  cheapening  the  carriage  of  the  most 
expensive  items  of  construction  and  maintenance.  Again,  to 
avoid  exceptionally  expensive  bridgework,  it  will  be  often 
economical  to  keep  the  road  on  the  ridges  of  a  country,  in- 
volving some  deviation,  or  merely  favourable  points  for  crossing 
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the  larger  Htrean^jt,  t-aiisin^  n  U"ss  cxiJenditure  in  britl^f  fouii- 
dttticins,  and  niBV  wnrrant  a  more  or  loss  dt'gree  of  ciojmrtun* 
from  the  hJu>rU*>t  lint*.  Kven  wliere  no  mom-v  sfivin^  is  to  lie 
pdnvd  by  Irnving  tlint  ])t'rfL'C'tly  stniighl  line,  wliioJi  is  of  course 
thr  l«A!»i  diatanco  l>etween  any  tw<>  |)oiiit>»^  it  is  Ijetter  to 
iltrrinti*  a  little.  Thtre  is  ]M?rhnj>8  nothing  in  the  world  luorr 
monotonouH  or  fatiguing  than  a  }>erfectly  straight  antl  level 
roAd^nlirnyK  tttretehing  away  to  rlistant  points  on  either  hori3!on. 
McxJerate  curvature  aildn  but  tlie  merest  triKe  to  the  total 
Ini^h,  mid  anytliing  more  than  two  or  three  miles  of  perfectly 
itnight  line  ought  to  l)e  avoided. 

Ttie  nmd  In-ing  Initl  out,  and  levels  taken  at  Minic  300  or 
400  feet  ttpiirt,  on  *ttout  pegs  driven  into  the  ground  along  the 
cttitre  line,  the  heiglits  and  quantities  of  the  enrthworlcH 
Iw  entimnted  as  s<ion  rts  the  width  of  the  roml  has 
,  and  l>anil)oo*i  or  htaki-s  nn'-  driven  tao  that 
thrir  tops  'ir  cross  pieces  fastcne<[  on  tlieni,  sliall  niark  the 
future  road  nurfaee  :  fi  triHe  of  extra  height  l>eing  allowetl  for 
tlir  •Aibrtetpient  settlement  of  the  eartli^ork.  'llie  earth  to 
i%wm  ihi'  emlwinknient,  usually  only  two  or  three  feet  high  in  a 
njtr\',  but  of  course  varying  in  height  where  iniMjuali- 
■iurface  h'vel  exist,  it^  oUlained  frouj  *  lx>rrow '  piis  dug 
alun^  the  jsides  of  the  road  ami  ])arallel  to  il.s  eourse.  These 
horroiA'  pifc*  do  not  form  a  eiMitinuous  excavation,  liecause 
ftlmiMt  rvtTV  eountrv  lias  sfitne  s1o|K',  and  if  they  were  coutinu* 
ou»  water  would  run  along  thenif  forming  breams  which  would 
wvmr  UWHV  their  sides.  The  jiits  are,  tlierefore,  not  longer  than 
about  UK>  feet  eiK'h,  having  spaces  vf  untouched  ground  of 
about  fiAy  or  ^*ivty  feet — or  even  more  if  the  soil  h  very  loose 
^between  tht-m.  Thrir  sides  are  slojuil,  and  they  are  made 
■ide  rniiugh  tii  adnut  ot  the  necessary  ipmntitv  of  earth  l)eing 
gut  out  of  thern^  MithiKit  the  necessity  of  digging  autre  than  a 
few  fcrt  in  depth.  It  ij<  usiml  to  keep  them  thus  shallow  w) 
thai  the^'  nmy  l>e  n^ted  tor  obtaiTting  eurtli  for  tJu*  future  repair 
of  thr  baiitu,  but  here  ami  there  Mane  are  maile  deep  enough  to 
rrtun  a  ii'rtain  amount  of  water,  nhieh  is  always  required  in 
murwiu^  or  mending  I  la*  surfaee  of  the  metal.  The  near  eilge 
of  the  pibs  are  always  plaeetl  at  some  distance  from  the  iKittom 
of  the  embfltnknictit  nlofa^. 


Generally  at  the  lowest  points  of  the  ground  section,  alon^ 
tlu'  line  of  tlu'  road,  it  is  nocrMsarv  to  Imve  opt^iiings  for  cul* 
verts  or  stnall  Imdgcs,  to  allow  tlie  ctohs  drainage  of  tlic  coun- 
try to  pass  fmni  one  hide  of  the  roiid  to  the  other,  Moiiey  cau 
often  l)e  sKveil  1>y  ciittint?  drnins  from  M>ine  of  thcf^c  depressions, 
AO  tw  to  (livtrt  any  water  coUectL^l,  ami  lend  it  to  still  lower 
depressions,  so  as  to  collect  the  cro«s  iirai!ittn;e  as  far  ils  possible 
into  a  fewer  uuiidier  of  separate  culverts,  iilthough  thew  niay 
in*lividmilly  retjuire  to  he  a  trifle  larger.  make  tfiese  small 

briiigess  for  cross  drainage  just  large  enough  hut  yet  not  too 
hirf»;e  and  cvpeiiMve,  i.s  often  the  most  important  of  the  minor 
problems  to  he  sohed.  In  some  ca>eM  the  separate  drainage 
liasins,  or  colhfting  areaf^,  on  the  iip-streani  side  of  the  niad 
liank  are  etvsy  to  determine,  so  that  the  mnxiniuni  rainfall  of 
the  district  Iwing  kiuiuii,  the  total  amount  of  water  to  Iw 
provided  for  can  l)e  readily  ascertained.  In  the  ca^.'  of  large 
streanLs  or  rivers,  lu>uever,  eKpetriallv  if  liable  to  receive  the  sur- 
plus or  'spill"  water  from  otiier  still  hirger  coiu-ses,  the  pro|>er 
amount  of  waterway  ttj  allow  becomes  a  more  intricate  problem, 
and  in  most  caM^^  it  will  be  better  to  err  a  little  on  the  safe 
^idc  than  to  run  any  great  risk.  If  the  Ih-hI  of  the  river  to  In; 
bridgwl  is  very  liard  ^ud  not  liable  to  ho  w  a-shed  or  scoured  out 
by  the  water,  so  as  to  undermine  and  injure  fcumdations,  or  if 
the  bridge  is  built  with  a  solid  niasonry  platform  l>etween  the 
piers  and  abutments,  protected  alotig  the  up  and  down^stream 
edge,s  bv  walls  carried  \^■ell  thiun  into  the  river  IhhI^  so  that  the 
force  of  the  current  will  not  be  able  to  wash  it  ujj,  the  water 
can  l>e  safely  allowed  to  rise  to  a  givater  height  by  keeping  the 
bridge  shorter  iti  length  than  might  Ix' otherwise  necessarv.  In 
this  particular  there  will  tif  course  be  every  degrw  of  ilifference 
or  difhcidtv,  accordingly  as  small  channels  or  great  and  wide 
rivers  are  dealt  with. 

Another  exceedingly  important  matter  in  connection  with 
road-makirig  \s  the  selection  and  cftusolitlation  of  the  ban! 
ntaterial  which  is  to  f4)nn  the  wearing  surface  of  the  road.  It 
is  always  usual  to  wait  until  the  earth  fiirmin;^  the  hank;<  has 
Ix-conie  thoroughly  hardened  and  conipacteil  together  und 
the  iniluence  of  tJie  raiufalU  before  j>lacing  the  expensive  niaii- 
uictal  u|)on  it,  otherwise  a  great  deal  more  will  be  ret|uirtd, 
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vhichy  nlthniir;li  in  the  cad  not  detrimental  to  the  road,  will 
nnder  it  much  moro  co&tly.  It  is  also  (renerAlly  ecoiumiieal  and 
wassfary  to  inter|i()se  between  the  earthwork  of  the  Imiiks,  lUid 
the  expensive  hard  road-metal,  soiue  iutermedintc  sul>sUintv, 
•iich  AK  one  or  other  of  the  variolic  forms  of  ik-eomposed 
utaterial  called  moorum^  ^ra^'el^  broken  ndshle  i>r  rougli  stone 
— or  even  broken  hrifkhat.s — onhn«r\  river  wiml  mjx*.tl  with 
mnv  kimis  of  soil,  i'speeiallv  that  known  as  *l>taek  euttoti,*  will 
aU»  hiinten  tlie  Mirikce  of  ItankH  to  a  smprising  flegr^e.  The 
varictien  of  .MilwUncres  ust*il  for  nK'tnllintf  the  surface  of  roads 
in  India  arc  very  ffreat*  t)ne  of  the  etaiiinouest,  in  the 
i&trict*  where  it  is  ahundaiit,  is  finrtl  nodidar  kunkn.  It 
Oitket  an  excellent,  although  in  dry  wi-ather  a  Aury  dasty  road, 
htsidi'^  nH^uinn;^  a  j^oml  deal  of  pettv  rejiair  nnder  f\posure  to 
heavy  trnrtic.  IJI^x-k  kttnktu  hcMes  Iwing  expen^ve  to  break 
kmlrw  ijidte  fresh  from  tfie  <juarrv,  is  inferior^  and  is  sehlom 

K|ilov<*d.   All  the  M>fter  materials  ^nch  as  broken  laterile,and 
»*t  varietitt*  of  ^h)bnlar  trap,  or  the  Ijanlest  kinds  of  broken 
hrickis  etc.,  arc  ill-adapted  to  form  a  durable  road  surf»u^*»  hut 
h»vc  often  to  Ik*  einplovi*d  wfiere  la^tter  are  not  pna-urahle. 
Am  m  genenftJ  rule,  the  softer  the  material,  the  larger  is  the 
twsj^  MW*  of  the  pieces  into  whieli  it  i.s  broken,  st»  as  to  give 
A  pn.'ater  nection  of  re^jjitanee  to  fracture  under  the  grinding 
actinn  of  the  eart-wlieels,  the  roiij^h  lH>ltoming  is  also  made 
tKirker*  and  the  road  is  fonnetl  ivitfi  a  greater  risi*  in  the  centre, 
Monrum  iia-tnlling,  which  is  larijelv  used  in    thf  Itomhav 
l'rr!«idencv^  is  sprca^l  at  lca*it  twelve  inches  thick,  on  a  gtwal 
Ixittmn.    It  maki*s  jui  excellent  drv-weather  road,  Inrt  will  not 
wU  stand  a  Ivenvy  traffic  in  tfic  wet  season,    (Th>hnlar  trap, 
xtry  eomnion  in  >bdwu,  is  tot»  friable  t(]  make  a  ^ood  road 
I    a»etal.    l^n£K*r  tniflic  the  fra|fmentj«,  however  angular  they 
I    nmv  Imxe  Ihvm  ulien  Hrsl  broken,  are  apt  to  wear  down  at 
I    thr  edges  h*a\ing  an  uncon.soliitattHl  mans  of  roundeil  titonos 
I    %vnr  difficult  to  bind  togetlier.    All  the  harder  granitic  and 
hsMhic  nx  k*  ftiniish,  when  broken  into  r*nuNmetal,  the  l>cst 
ami  niuht  htsting  surfaci'^ ;  thev  are,  lu>wfver,  the  most  ex- 
pCMTc  m  fir»t  nwt.    When  g*xKl  moiprum  is  also  plentiful, 
prrltapt  thv  mo»t  economical  pna-ess  is  to  use  this  ntaterial 
"     nlnne  tt%  rnrtd-tr»rtal  for  Noiiif   1inii%  until  the  criist  of  the 
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mnd  Iwcotnes  thorougfdy  firm  ajid  reliable.  Thin  laven 
nbout  tlireu  iiK'Iics  tliick,  of  hard  stont*  road-iinrtid  cm  then 
he  grmluallv  ft]>pliiil. 

Ill  i>rt.Ier  to  Ijirid  the  hard  stone  fTaguients  t<>j?L't]ier  some  fin 
sjind  or  moon/ift,  in  i|Utintity  aljout  one  Hfth  the  volume  o 
the  nietal,  is  recjaiml.    In  using  brokeii  IjiLstilt,  however,  much 
less  of  this  Ijinding  material  is  eniplnyetl ;  it  takes  t^nsw|Ui?ntly 
ii  far  longer  time  to  consolidatf  mto  ii  trompaet  >.urfa4.v  than 
other  materials  ;  but  wlien  once  t^onsolidated  it  forms  onv  of  the 
most  resisting  of  road  surfaces.    If  too  much  binding  material 
k  used  with  l)asalt»  or  indewi  with  any  other  very  hard  niftal, 
it  aiuses  the  road  to  Ix^eoine  rough  and  impleasant,  the  stifter 
material*  weariiig  and  Inking  bhiwn  from  the  surface  by  tlie  wind, 
ih  apt  ttJ  leave  tlie  up|ier  parts  of  the  less  wearable  stone  frn|j- 
nients  projecting.     The  choice  of  material  for  roatl-metal  in 
India  Is  most  coniinonly  liniitetf  in  each  locfdity  to  some  one  or' 
two  substauees  which  it  is  possible  to  obtjiin  at  a  resisunable  cost. 
Whatever  may  be  employed,  whetlier  hard  stone,  kunkfiy  or 
tnoomffif  it  is  necessary  that  it  should  be  artificially  compressed 
into  a  firm  compact  crList,  »o  as  to  be  unriiovahle  by  the 
wheels  of  vehicles.    This  is  usually  done  by  iH'ating  it  <lown 
witii   heavy  rammers  by  hand  labours  or  by  tlie  frequent 
hauling  over  it  of  heavy  rollers.    The  Utter  pnwc^^s  i»,  for 
the  harder  kinds  of  mctitl,  by  far  the  best,   wliere  realty 
heavy  rollers  are  obtainable.    Steam-road  rollers  of  (ifleen  or 
twenty  tons  weight  are  also  fretjuently  and  eeoiiomically  useil 
for  consolidating  ro*ul  surfaee?i  where  a  large  t|imntily  of  i^ucli 
work  is  required  to  be  doiie^ 

(  hi  the  Ix-tter  classes  of  Indian  roads,  lines  of  tms  planted  so 
n»  to  afford  a  grateful  shade  to  tnivellei-^*  is  an  almost  invariable 
rule,  and  groves  of  trees  at  about  day"jotu7iey  intervids  are 
frcHpiently  added.  Near  the^e  groves  wells  arc  dug  to  ^upply 
both  man  and  beast  witli  a  plentiful  supply  of  water,  without 
which,  in  smj  dry  and  thirsty  a  laud,  travelling  would  be  virtually 
impossible.  On  such  roads,  also,  accommodation  and  shelter  for 
the  upper  elas-s  of  travellers  is  in  all  ca.seis  ]>rovideth  *  Kest 
hoase.s '  or  ^staging  bungalows '  are  erected  at  intervals  of  twelve 
or  fifteen  mikvH  along  the  roads.  These  provide  acconnntKlation 
for  two  or  more  families;  containing  distinct  set^  of  apartments 
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plainly  fumished.  A  keeper,  who  acts  also  as  cook,  and  supplies 
provisions  under  a  fixed  tariff,  together  with  a  small  staff  of 
menial  servants,  is  maintained,  and  a  small  fee — for  the  benefit 
of  local  or  district  funds — is  charged  to  travellers  for  the 
temporary  use  of  the  '  rest-houses/ 


CHAPTER  II 


Neglect  of  Public  roads  until  comparatively  late  date— Military  fedr-weather 
Roads— Road  up  the  Bhore  Ghat  early  in  the  century— The  Grand  Trunk 
Road — Alignment — Early  commencement  under  Warren  Hastings — Keal 
commencement  under  Lord  William  Bentinck— General  description  of 
Grand  Trunk  Road — Bridges — Leiajaum  Bridge — Paucity  of  information — 
Paved  Causeways — Sone  Causeway — Probable  cost  of  Grand  Truidc 
Road — Difficulties  of  early  engineering  work  in  India — Insufficient  water- 
ways—Initial importance  of  Grand  Trunk  Road — Other  early  road  opera- 
tions—Agra to  Bombay— Great  Deccan  Road — Extension  of  Hill  Roads — 
Coast  road  through  Orissa — General  outline  of  important  roads— Indus 
river  at  Attock — Proposals  for  a  tunnel — Modified  project — Construction 
of  Attock  Tunnel — Abandonment  of  work — Central  India  Roads — Roads 
in  the  Berars — Roads  in  the  Central  Provinces — Northern,  Eastern,  and 
Sangor  Roads — Early  importance  of  Northern  road — Important  Bridges- 
Roads  in  Bombay  and  Madras. 

It  has  been  pointed  out  that  veiy  little  was  done  by  the 
English  Government  in  the  matter  of  public  roads  for  India 
until  a  comparatively  late  date.  Fair-weather  roads  were  con- 
structed by,  and  for  the  use  of,  armies  on  the  march,  but  these 
were  neglected  almost  as  soon  as  they  had  fulfilled  their 
immediate  purpose,  and  those  absolutely  necessary  for  the 
control  of  newly  acquired  territories  were  only  kept  open  by 
constant  reconstruction.  These  military  road-tracks  were  no 
doubt  of  service  to  the  commercial  traffic  of  the  country,  and 
this  especially  so  in  some  of  the  more  mountainous  districts  in 
the  lower  peninsula,  where  work  of  a  much  more  permanent  and 
substantial  character  had  of  necessity  to  be  undertaken  from 
time  to  time  for  military  purposes,  such  as  that  road  passable  by 
artillery,  made  under  the  orders  of  the  Duke  of  Wellington  in 
the  early  part  of  the  century,  up  the  Bhore  Ghat  between 
Bombay  and  Poona.  It  was  not,  however,  until  the  years  1840 
to  1845  that  any  large  and  systematic  general  construction  of 
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pi*nimtu*rit  commercial  and  tiiilitarj'  nwis  througliout  tlic 
couulry  wa^  uudt'rUkt'ii. 

TIk*  wirliost  fxainplc  of  an  iniportaift  iinnn  r<md  coustructcd 
in  India  was  a  conMdrral>le  length  of  that  uell-ktiown  hi^luvav 
*TfH'  Gnuitl  Trunk  Hotid."'  This  reinarkahlc  work  when  com- 
pleted »a.H  m>  doubt  for  many  >'«irs  unsarpasstil  hy  uny  single 
|>ublic*  roiul  then  in  r\isteiui\  Owing  to  various  cnuses  work 
it  was  not  broufjht  lo  a  iinnl  fonclii.sion  iititil  long  after  its 
TkI  iuix'ption  and  coiniiUMicemcntj  but  a  \erv  lar^e  ]ior(i(in  of 
it  waA  cxccuteil  Ixfore  the  year  1848,  The  Grand  Trunk 
Rmtd  now  stretches  in  a  praetieally  unl>rttkeii  line  from 
Calcutta  to  I'cnhawur,  to  within  a  short  iide  of  the  immth  of 
the  KbylKT  IVlss  in  Aft^haiUhtnn,  t\  tiftid  di^itanee  of  loOO  inilen. 
Starting  from  OiUmiUh  the  rtwut  is  tjiken  iti  an  ahno:^t  direct 
Vmv  t<»  ttie  *4iHitheni  heml  of  the  Gangeii  ncnr  llenares  an<{ 
Mirzupore,  p*»?i^irtj;  through  the  K\niore  line  of  fiills  forming 
the  l»«*t  »pur  of  the  Vindhyian  nm^e  of  niountjiins  htretehin^ 
*i  India.  From  Mir/ap<ire  the  road  follows  the  valley  of 
(fungis  to  AUahabiul  nw]  (.avvnpore,  thence  Ntrikinjj  soaie- 
vhat  to  the  it  follow^  the  eH.stern  bank  of  tlie  ■Tmitna  to 
op{Nwite  A^ra  ant!  IKlhi,  with  which  towns  it  was  unitml  by 
tt!!ut{xirarv  pontoon  or  html  briil^o.  .V>rtliwaiti-s  of  Delhi  it 
paM4'M  Karnal,  Ludhdianiu  ItJihore^  and  Jhilani,  cr^j^sing  the 
hnlit>  at  AttvK'k  n  few  miles  iK'fiuv  reaching  IVshawur. 

U  i»  :*lii(eii  that  under  the  govenmieut  of  Warren  Ha>tin;^» 
*ti  (at  Iwck  ji-s  llie  years  ITTSi  to  \1H'>,  n  connuencenient  of  this 
ntilicent  early  work— ou  that  p4trtion  of  its  lenfrth  lyin;; 
mwti  t'^dcuttu  and  Ik^nmvH — w*ts  uuwle  by  a  Cajitain  (.'harleji 
Itankin,  but  lo  what  e\tcjit,  i>r  whether  the  work  exeeutitl  wtus 
vwlicn*  or  everywheiv  on  tlie  precise  aU^nment  iif  the  prt*>ent 
jnk  itMulf  AiKf>  fnil  n\i\K'iir.  It  is  most  likely,  however,  timt 
Ufce  vcr>"  *iirlv  work  referri"*!  to  wmdil  have  bLt-n  the  ctmstruc- 
liaa  of  what  would  now  la-  ealleil  a  fairwndher  ro*ul  of  superior 
daM.  However  this  jnay  'xs  the  inauguration  of  the  first 
important  t»lq»  tovMU-ds  Ifie  realisation  oi"  the  splendid  project 
t»f  a  grc«(  permanent  trunk  roml  from  (  alcutbi  lo  Delhi  ami 
^ic  Nortli-^Vest  frontier — afterwanU  ^lUcci'ssfully  carriwl  to 
ion — Hppear>  to  have  Ijiken  j)lrtce  mider  tin'  ;^overn- 
of  Lcinl  Willimu  Ikntinck  ISiiO  to  18Ji5.    Twenty  yi-urs 
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later,  or  in  the  year  1855,  the  road  was  completed  to  Kamal, 
some  seventy-five  miles  north  of  Delhi,  or  for  nearly  1000  miles 
from  Calcutta,  and  its  prolongation  to  Lahore  was  then  in 
progress.  The  extension  of  the  road  from  Lahore  to  Peshawur, 
although  a  vigorous  commencement  had  been  made  not  long 
after  the  annexation  of  the  Panjab,  was  delayed  for  many  years 
owing  to  want  of  funds. 

The  Grand  Trunk  Road  has  been  constructed  throughout  as 
an  embanked,  thoroughly  well-drained  and  well-metalled  high- 
way of  the  first  class.  It  is  raised  in  every  part  well  above  the 
height  of  known  floods  or  inundations.  The  top  width  of  the 
earthwork  was  in  the  first  instance  made  30  feet,  but  was 
soon  afterwards  increased  to  40  feet,  with  side  slopes  of  4 
to  1.  The  central  portion  was  originally  everywhere  metalled 
to  a  width  of  16  feet,  with  either  broken  stone  or  kunkoy 
laid  8  inches  thick,  and  rolled  or  beaten  down  to  a  thickness 
of  6  inches.  Rows  of  good  timber  trees  were  planted  for  the 
greater  part  of  its  enormous  length,  along  the  foot  of  the  em- 
bankment slopes  at  intervals  of  50  or  60  feet.  Halting-places, 
or  encamping-grounds,  were  also  arranged  at  suitable  intervals 
for  the  convenience  of  merchants  and  goods,  and  at  every 
ordinary  stage  for  troops  on  the  march,  enclosures  for  shops, 
and  open  encamping  grounds,  marked  off  and  kept  clear  from 
cultivation,  were  established.  '  Rest-houses '  for  the  better  class 
of  travellers  were  also  provided  at  distances  apart  of  ten  or 
fifteen  miles  along  the  road. 

Except  in  the  case  of  the  widest  rivers,  of  the  first  order  of 
magnitude,  the  road  was  permanently  bridged  throughout. 
Subsequently,  after  the  construction  of  the  great  line  of  railway 
— first  from  Calcutta  to  Delhi,  and  then  on  to  Peshawur — 
provision  was  made  for  carrying  the  road  over  these  largest 
rivers  by  means  of  the  great  railway  bridges  then  constructed. 
Tlie  bridge  structures  on  the  lower  portion  of  the  trunk  road 
were  to  a  great  extent  constructed  of  stone,  the  piers  being 
founded  on  cylindrical  wells,  or  on  perforated  blocks  of  brick- 
work sunk  into  the  sandy  beds  of  the  rivers  in  the  manner 
peculiar  to  India.  A  great  number  of  these  bridges  were  of 
very  considerable  size — such  as  the  one  over  the  Lelajaum 
river,  consisting  of  twenty-six  arches  of  fifty  feet,  costing  the 
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motitrate  sum  ttf  hImhjI  i'10,0t)0.  Ltltlt-  (letuikMl  intonmitinn, 
howfvrr,  npjn'nrw  lo  lie  now  nvHilrtlilf  as  to  tlivsv  vnrlv  works, 
( UvjiKioually,  in  Iht*  ivist'  *)f*  Hil*  Inr^c  rivors,  wliw  hridgos^ 
**ithfr  t<'m|)orrtrv  or  |H'i'nintienU  coM  not  Ik*  con^tructLtl  except 
«t  inordiiiftte  exj>enjtt%  im\e«i  musewnvs  iitToss  tlio  IkiI  wvrv  rc- 
si>He*l  in.  Tliis  i"\|iriiic*iit  is  ol't<'ri  of  consuk'rablv  vnliio  in  Itulm, 
where  tlie^rrviitep  nuitilar  i>r  tilt'  ^^att*n.'oup^ies  are  tlrv,  or  nearly 
,  far  the  Inr^er  pjtrt  "f  the  yettf,  an<f  where  in  innTiv  parts  of 
the  e*nintrv  they  c<>ritMin  |irHelifallv  no  whUt  tjf  anv  LMm^iilora- 
tion  for  iu'ik*  or  ten  nic»ntlis  out  of  \hv  twelve.  In  mucIi  cas*'* 
the  hank^  of  the  ^^treani  are  eut  down  to  an  easy  sIojk',  luul  the 
~hoJe  Mimly  width  of  the  river-lKtl  is  IravxTsed  }>v  a  pavhig— 
bfteu  of  ftonc  -let  in  mortar,  rt'Htin;^  on  a  foundatioji  inade 
sufHeienHy  seeure  Ut  witlistaini  tl»e  ru«h  of  wattT  during  the 
MS  iif  flo*>d. 

.  \n-  fir^t  Inr^e  river  rnctiunti.'red  Ijy  Ihv  Grand  Trunk  Uoad^ 
before  rraching  Mir/Jiporc,  was  the  Sonc,  and  it  was  carried 
nxt't  tht*  nrniKuallv  widt:  saiidv  htil  of"  tljat  watt-reoiipse  hy  a 
<aiiiscw«v  of  the  above  deserijition,  no  less  than  11,4jO  feet,  or 
over  two  tnWvn  in  leii^h,  The  paved  roatlway,  16  feet  in 
iiith,  VTHn  fonnetl  of  sttino  slabs,  0  fet  t  ami  T  ftvt  lo3i*^,  about 
foot  iiimI  h  half  broad,  and  I  f(,H>t  tbiek.  A  fnuniintion 
woM  providnt  hv  tir^t  driving  two  parallel  rows  of  common 
jun^le-W(»o<l  \t)\i^  tn  (I  dqitb  tjf  iilxiut  15  feet,  for  the  pur- 
pone  of  ;(tip|xrrtin<{  lianil>«H>  frames  utuI  mats  lo  tentp4>rarily 
IkoU]  lip  the  liides  of  the  sand  excavatioi)  that  was  to  be  made 
ween  the  twti  ri>wii  of  pile^i.  Tile  sand  Ix'in^  exeavatwl  and 
h  i\it^  nf  tbe  retpiisite  ttepth  anti  width,  a  layer  of  gunnv- 
Iled  with  concrt^te  nnule<jf  river  sliin^le  and  lime,  was  jtet 
piu*kt*il  |fi<;*'ther  t>ver  the  whole  bottom  of  tbe  tnnieh. 
Oil  tliGse  lMi>rs  a  layer  feet  (J  inches  thick  of  rubble  stone  wtt^ 
Iwit  m4.  in  Niniilar  ronrrete,  on  which  tbe  long  pa\  ing  .stoneis 
Ibnniaf^tl!  ^^ay  wen*  placed  croKsways  in  alternate  h)iiij 

tnd  iiuvrt  l  ■  ^  •  tis  to  hmik  jt^int.  TlR\*]oints  of  tliestoni^ 
wvrv  tiM*n  f^rout^**!  aihI  pointcf]  with  ^ochI  liydrautic  mortar^  and 
Uie  ntrfare  of  the  eaiisewuv  was  linnllv  levelled  but  left  rough 
CBOUf^  io  ttlTonl  a  *tvim?  foothold  fi>r  ilmft  animaln. 

It  i*  not  fHi*isihle  to  state  with  aiiy  iiccuntcj  the  totid  cost  of 
the  GniiMl  Trunk  Uond,  constructed  at  interval  over  a  con- 


84 


PUBLIC  WORKS  OF  INDIA 


siderable  number  of  years,  and  a  large  proportion  of  the  earlier 
work  being  done  by  convicts,  or  by  famine  relief  labour.  The 
probable  cost  of  the  initial  work  would  hardly  be  less  than 
d£'500  a  mile,  exclusive  of  the  large  bridges,  or  between  seven 
and  eight  hundred  thousand  pounds.  A  sum  of  ^^489,100  is 
recorded  to  have  been  spent  on  it  up  to  the  year  1848,  at  which 
time  the  cost  of  maintaining  the  road,  so  far  as  completed,  was 
dP35,000,  and  for  many  years  subsequently  the  total  cost  of 
maintenance  was  not  less  than  about  £50  a  mile.  Before  the 
introduction  of  railways  the  traffic  carried  by  the  trunk  road 
was  very  large,  and  it  was  calculated  that  the  whole  thick- 
ness of  metalling,  throughout  its  entire  extent,  was  renewed 
every  six  years,^ 

At  the  early  date  when  the  greater  portion  of  this  splendid 
public  work  was  constructed,  English  engineers  working  in 
India  were  to  a  great  degree  unfamiliar  with  the  peculiarities 
and  flood  phenomena  of  the  great  Indian  rivers,  and,  moreover, 
carried  on  their  operations  under  exceptional  difficulties  as  re- 
gards skilled  laboiu*  of  every  description.  As  might  be  expected, 
in  several  instances  bridges  were  constructed  with  a  waterway 
insufficient  to  pass  without  undue  obstruction  the  sudden  and 
violent  floods  to  which  they  were  subjected,  and  consequent 
failures  occurred.  In  1850,  during  the  construction  of  the 
Lelajaum  bridge  above  mentioned,  a  heavy  flood  carried  away 
Ave  of  the  arches  which  had  been  completed.  In  another  case, 
owing  to  insufficient  waterway,  an  entire  bridge  was  wholly 
destroyed.  Delays  in  construction  were  also  frequent,  whether 
caused  by  paucity  of  funds  or  from  one  or  other  of  the  innu- 
merable difficulties  encountered  in  the  manufacture  and  pro- 
vision of  building  materials,  and  their  transport  over  a  virtually 
roadless  country,  and  the  absence  for  many  years  of  any  other 
than  the  rudest  labour.  The  early  successful  achievement  of 
this  magnificent  1500  miles  of  permanent  road,  and  its  real 
magnitude,  when  considered  in  connection  with  the  peculiarly 
difficult  conditions  under  which  the  main  portion  of  it.  was 
carried  out,  has  been  to  a  great  extent  thrust  into  the  back- 
ground by  the  subsequent  press  of  railway  construction.  Its 

*  *  Public  Works  in  the  Bengal  Presidency/  vol.  xvii.  Free,  Inst,  Cnn'l 
Engineers^ 
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ini|)ortHiKv  11  ccjitmicR'ial  and  niiiitarv  lijiv  (if  conuiuiuivation 
haw  nlMi  inx'tSHjinlv  (IwinJli'd  ht'T^itU*  the  splendid  iron  road  which 
in  now  pLu*e4l  nhnost  aloii^ido  of  it.  for  the  lar^^cr  portion  of 
it-H  Irii^h,  btit  it  rt'tiiniriH  ntint'  thi*  less  a  truly  reitiHrkabIt'  and 
n-prekentativi*  inoninnfiit  of  t'nrly  British  eiu-rgy  in  India,  and 
a  work  whifli,  for  l>oldiK'ss  »f  rontvption  and  OMrution  iindt-r 
i*xct'[itionaJ  conchtions^  has  Iwirdly  ever  Im'ii  siir])a.Kst'd. 

OthiT  Vfrv  t'arlv  nwwl  o|»tTriti(>ns  that  may  In*  nK'iitiontHl  are 
BStiic  f«illovviri<; :  In  thi"  iiw  vrars  siifcmiing  thf  year  1S;30  »ip- 
^^^rftr»l.'4  cif  400  miles  of  t-nihaiikud  and  partially  tiritlf^fd  roiuls 
I  were  constructed  in  tfu'  Baroilly  district  of  tlic  Ntirtli-AA^-st  Fro- 
[  vitm»<,  ami  scvcntv-st-ven  brtd^os  of  tiias4>nrv  or  tindK-r  ha<^ 
thon  iKvn  built.  In  IM  K)  work  xvnw  comnicnivd  on  a  great 
trunk  lint'  of  ri«id  dcsijfned  to  extend  from  A^ra  to  Ui>tnbay — 
the  l»»tnl  Irn^th  of  uhidi  is  7''J5niik's.  annual  expenditure 

of  i^lOjtHK)  was  at  that  thne  apportionini  t*>  this  >vt»rk.  llefore 
OMUiy  yenrs,  n  post-id  wnice  along  tlie  road  was  established, 
^^Dd«  by  ofterin>;  preniimnH  to  the  postmasters,  an  ttven»j;e  speed 
ten  nuU-s  fin  hour  wns  obluined  Ixf'tween  the  eliief  breaks 
of  rcmliniiity — thevork  lieing  performed  liy  light  niail-enrts* 
Thi.-*  fine  inetjilU^l  and  bri<lgi^l  line  of  eonnnunieatioti  now 
extends  frcim  Atjra,  vhi  (Iwulior,  Indore  ami  !Mhow,  Dfnilia, 
Nasik,  and  the  Thnl  Cibat,  to  lt*)tid>AV.  It  mentioned  a!s<) 
timt  tip  to  ihv  year  IiH51  nt»  lesN  thiin  fJ!lS  ntiles  <if  emlvinketl 
and  parllv  briilged  n*ads  had  bivn  eonstruetet)  in  the  small  tlis- 
Irict  of  Azinigiirh  in  the  North-WiNt  IVoviiiccs. 

^        v'ortant  trunk  bne  cnll*-^!  the  ''(ireat  Di-cenn  Road  ^ 

v:i   ^  fnnii  thr  line  of  the  Grand  Tnnik  Itoad  at  Mir/a- 

pore  (in  tlie  (iangi^s,  to  extend  rw  Rewah  to  Jitbblepore,  and 
r-  '  \     ,  |,p  j^^^j  lJi>ndmv,  uhs  als<>  an  earlv  work,  and 

i"i  _iii;^Hnd  iiiehdtiMg  of  this  jjreat  hijjliwuv,  now 

c*xtm(iing  acroNK  the  whoh-  continent  of  India,  wrw  eotn- 
mmmi.  By  nlwuit  the  year  1N70  M4>ar1y  idl  the  larirer  ntider- 
tnkiiijQp^  ronnectrtl  witli  the  earlier  throngh  trunk  rtiuten  had 
lum  cfniipUded,  inchtding  many  of  the  tine  engineering  works 
h  the  Himalayan  liill  slatioin,  or  to  eonninniieate 

riliefjiTj  trade  route*  lieytaid  them;  to  the  efi*ree 
iH«tnctflof  Wrnaiuh  and  tii  the  Nilgiri  hills  in  the  southern 
pmiimtLi,  as  well  as  Hie  long  south-western  eoiLst  roiid  from 
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Calcutta,  through  Orissa,  via  Midnapore,  Belasore,  Cuttack,  aiid 
Gangam  in  the  Madras  Presidency,  together  with  a  very  large 
total  mileage  of  secondary  roads  connecting  the  main  thorough* 
fares  with  the  railway  centres  which  were  then  springing 
rapidly  into  existence. 

Some  few  of  the  more  important  main-lines  of  first-<;lass 
roads  which  have  now  heen  opened  out  may  be  enumerated, 
but  it  would  serve  no  purpose,  and  be  needlessly  tedious  to 
attempt  any  general  trace  even  of  these.  The  reader  will 
gather  a  better  idea  of  the  extent  and  ramification  of  the  first 
and  second-cla-ss  roads  of  India  by  consulting  the  annexed 
map.  Many  of  the  roads  to  be  mentioned  are  now  old  estab- 
lished highways,  such  as  the  Calcutta-Darjeeling  road,  which, 
metalled  and  bridged  throughout,  over  a  very  difficult  and 
inundated  country,  and  crossing  numerous  watercourses  and 
several  large  rivers  by  iron  bridges  resting  on  screw-piles,  is 
carried  well  into  the  Northern  mountainous  district,  opening 
up  an  important  connection  with  the  external  trade  routes  on 
that  side  of  India.  In  the  low-lying  districts  of  Eastern  Bengal 
an  excellent  system  of  water  carriage,  by  the  numerous  inter- 
secting channels,  prevents  the  necessity  of  any  considerable 
extension  of  ordinary  roads. 

The  old  and  prosperous  districts  of  the  North-West  Provinces 
are  covered  with  a  very  extensive  network  of  roads  of  every 
class.  From  Gwalior,  on  the  Agra  road,  and  from  Cawnpore, 
main  trunk  lines  extend  to  Jhansi,  Laltipur,  and  on  to  Saugor 
in  the  Central  Provinces.  From  Bareilly,  after  traversing 
nearly  seventy  miles  of  plain,  a  mountain-road  is  carried  to 
the  hill  sanatoria  of  Naini  Tal,  Ranikhet  and  Almora,  and  in 
the  elevated  district  of  Gharwal  various  lines  of  hill  road  ex- 
tend to  the  Niti  pass,  forming  a  valuable  line  of  communica* 
tion  for  traders  from  Tibet. 

In  the  Punjab  and  upper  parts  of  Scinde  a  very  considerable 
network  of  excellent  roads  also  exist,  among  others  the  impor- 
tant road  from  Umballa  to  Simla,  and  the  Hindustan  Tibet 
hill  road  extended  beyond  for  over  150  miles  up  the  Sutlej 
Valley.  The  Kangra  Valley  road,  and  that  from  Rawalpindi 
to  Murree,  and  from  the  same  place  to  Malora  and  Kohat ; 
the  frontier  roads — Peshawur  to  Kohat,  Thai,  Katabagh,  and 
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Ifiakhel;  from  Jliilum  and  Guji-at  tu  Mimii,  Slialipiir,  Jhaiij, 
atuJ  riitclmwubtii,  situutnl  on  Hie  rnilwav  alwve  Monltan  ;  frain 
ooltiui  to  lt4ihawal|>tir,  Mid  Dt-m  Glm/i  Kluui,  mid  riuineniiis 

Soon  ttftcr  tlic  Sepoy  Mutiny  of  1857  serious  attention  was 
Jircx-tetl  Us  thv  iniliturv  neceswily  i>f  rLiluciu<;  tlte  tliffifiilty  itid 
daiii^T  of  tTossiti^  the  river  Indu>,  on  Uk-  line  of  the  gnuul 
tnink  road  in  the  lieigldMuirhooti  of  Attock,  iienr  the  iiortli- 
wcnt  frontier  of  Indiii,  The  iawn  and  fort  of  Attock  is  situntetl 
an  Ihe  left  or  ciiwteni  bi^nk  of  thu  lndii.%  just  Ik-Iow  the 
junction  of  the  Oihiil  river,  at  ii  point  where  the  iisuaUv  wide 
diwinelofthe  Jii>t  i>i  eoiitrncte<l  t(»  iOtK)  or  1200  feet  in  its 
passage  through  ii  niiige  of  liills  whieli  crosses  its  eourse.  This 
contnwtion  caitix^  the  river  to  rise  in  onlinHrv  high  flowh  to 
tbir  jffreat  height  of  nlMiut  50  feet  above  the  avi-ra^e  cold  M?a- 
k've],  the  veltx-ity  of  the  eLirn.'iit  bcitij^  then  increjuscil  to 
uptt'itnls  of  IS  niilen  an  hour.  The  river,  moreover,  is  subjeet 
to  cxtraardiiuiry  fltHxls  at  iiiicertnin  intervals,  causeil  by  tht; 
leiuporarv  dnnnTiin^  up  of  one  or  otluT  of  it-^  Ilinmhiyjin 
e?(  by  ice  or  landslips.  In  the  ymi>  1H41  and  IK5H  it 
nKnl  that  the  snininer  flootls  rose  100  and  70  feet  re- 
•pcctivi'ly,  alkjve  tfie  ordinary  eold  weather  level,  and  from  the 
ture  of  their  ori^in»  and  the  fonn^itiun  of  the  valley  at 
tttvk,  then*  appeal's  to  he  notliing  to  prevent  the  ix'ciirrenec 
of  iitill  higher  HihkIs  at  any  tuui\  The  important  croswing  of 
the  LuiuH  in  the  nei^hlMuirhood  (if  Attoek^  on  the  line  of  the 
l^rwid  tnnifc  nwid,  wa.H  for  many  years  eftecte*!  by  uiean;*  of 
ftfTV-buatii  during  the  suiintier,  or  li<HKl'S<.'as(ni,  and  by  a  teni- 
pcirary-  Uinl-hridgi'  <junng  the  winter;  tile  ferry  erossing  ua$ 
alviayh  ditlicult  and  often  dan^erous^  and  tlie  comnmnieation 
M»  at  all  tinn*5*  liable  to  sndden  and  prolongc?d  interruption, 
NunteruuH  pru|K)sal.'«  atul  trial  elforts  were  nuule  from  time  to 
tiiDt*  for  iniprovinij;  this  state  of  inatters — such  as  a  permanent 
buat  britl^e,  a  tlyin^  bridge  worketl  by  cableh  and  the  forc«  tif 
the  current  a  slram  ferry,  and  a  suspension  or  othi'r  bridf^e 
plaml  at  a  hi^h  level  alwve  the  reaeb  of  HocmIs.  The  gn^ut 
dtfficiiltkw  to  Ih*  encountered  in  detditi}{  M'ith  Bucb  a  torrent 
A*  till-  Iiulu&  at  AltcK'k,  Hubjeet  to  so  ";reat  an  ordin/iry  rtood 
riMfy  and  liubU',  iiKirroM  r,  lit  <'\traordinary  floods  of  mn-ertain 
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limits,  led  at  length  to  a  well-considered  proposal  in  the  year 

1859,  to  turn  the  more  important  of  these  difficulties  by  the 
substitution  of  an  under  passage  or  tunnel  beneath  the  river. 
Careful  studies  entered  into  showed  that  the  banks  and  bed 
of  the  Indus  at  Attock  were  composed  of  slate  rock,  moderately 
easy  to  work,  and  apparently  free  from  fissures  likely  to  seriously 
endanger,  or  enhance  the  cost  of  the  work.  A  scheme  was 
therefore  elaborated  in  full  detail  for  a  brick-lined  tunnel  1216 
feet  long,  24  feet  wide,  and  20  feet  high,  to  extend  underneath 
the  river,  with  a  roadway  82  feet  below  low-water  level.  It 
was  proposed  that  the  level  of  this  under  passage  should  be 
reached  by  descending  tunnelled  approaches  on  either  side  of 
the  river,  each  on  a  grade  of  1  in  20 ;  the  entrances  being 
placed  at  100  feet  alwve  the  level  of  winter  flow — that  is,  at 
182  feet  above  the  floor  of  the  actual  river  tunnel.  The  total 
length  of  the  complete  gallery,  including  the  approach  grades, 
would  have  been  7215  feet,  or  over  IJ  miles.  The  tunnel  was 
to  be  ventilated  by  air  shafts  placed  600  feet  apart  (except 
at  the  river  section,  where  the  interval  would  be  Icmger)  in 
the  shape  of  hollow  cut-water  towers,  having  their  summits 
placed  aliove  the  reach  of  floods,  and  the  gallery  was  to  be 
lighted  throughout  with  oil-gas  manufactured  on  the  spot. 
Duplicate  pumping  engines  were  to  l>e  provided  for  keeping 
tlie  timnel  clear  of  water,  and  provision  was  also  made  for  its 
rapid  flooding  by  means  of  a  syphon  at  any  time  under  military 
necessity.    The  estimated  cost  of  this  project  was  ^104,408. 

The  scheme  so  far  found  favour  with  the  authorities  that  a 
smn  of  i?1000  was  sanctioned  for  the  purpase  of  carrying  out 
an  experimental  trial  drift,  and  in  March  1860  the  sinking  of 
the  necessary  shafts  on  eitlier  l)ank  of  the  river  was  commenced, 
by  military  labour.  The  leakage  of  water,  however,  was  found 
to  l)c  heavier  than  anticipated,  and  sulwequently  further  sums, 
amounting  in  all  to  <f*6000,  were  granted,  until,  in  the  summer  of 
the  year  1862,  it  having  been  found  that  the  cost  of  the  work 
greatly  exceeded  the  rates  of  the  first  rough  estimate  framed, 
the  Government  decided  upon  a  suspension  of  operations,  at  a 
time  when  only  258  feet  remained  to  complete  the  junction  of 
the  drift-gallery  across  the  river-section. 

The  drift  underneath  the  river — about  6  feet  by  3  feet  in 
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Um — luul  tlir  vtTticftl  »haft-s  on  ciUu  r  hunk  vsiTi',  Iiowever^ 
aftcrwartiN  eomplctctl,  but  tlic  execution  of  the  complete  tunnel 
pn>jt*cl  vitvi  lit  tJu'  tiiiit'  [iost[M)nf(.L  Tlic  witrk  m*tujilly  cnrricd 
out  yrsa  as  t'ollows.  On  tUv  msi  hank  of  tin*  rivt*r  u  shaft,  1(58 
fret  [tt*f*|},  with  8  fwt  extra  for  drninri^,  was  sunk  through  the 
hwrd  rock.  <>n  the  west  side  n  simihir  slmft — sitimttxl  1505  fivt 
6  iiioht^  fmiu  iUv  tirst — was  snnk  911  fivt  tkvp,  ^  itli  8  fit- 1  extra 
fbr  dmiiuigt\  Thejiositlon  of  Uie  west  shaft  lieiii^  near  the 
rircr  ed^%  nml  nnuh  hehiw  Miitiiiriei"  water-leveK  ii  tiollow  pier 
of  DiATwmn  was  hiiilt  uf>  t*>  kct-p  out  the  rfofxls.  From  iieiir 
tht*  l>ottoni  of  the  ihriR-s  two  galleries  were  pierecti  northwards 
for  H  dislniuT  of  iio  fert,  rach  (>  fe<'t  lii^fi  and  tl  feet  uido,  to 
meet  the  main  driJT  of  tfii-  same  dinietisionh^  which  Mas  cftrrieil 
under  thr  river,  nnd  on  the  east  side  of  the  river  at  the  level  of 
tl>  1   trunk   rc^ad^  a  ;;nlh'rv    was  driven   to   meet  the 

\'  I  I  ift.    Owing  to  h?«4tires  in  tla*  roek^  and  the  influx  of 

vatcr,  Ixjth  *ih«fbi  were  lined  with  liriek  masonry.  The  drift- 
t'  '  r**alh  the  torrent  of  the  Indus  was  tnade  with  a  slope 
iOH  of  1  in  iJOO  towards  the  east,  or  Attock  side,  hj 
order  to  dmin  off'  the  water.  The  work  Uirou^T;hoiit  wasi  per- 
fiortnetl  bv  a  small  detaehtneitt  tif  the  Jiltli  Funjah  lnfnntrv, 
nidinl  «nil  iiinvle<]  hy  si\  I'Uiropeun  tuiners ;  the  ohjin-t  of  the 
drift:  he»din^  iK-in^  to  test  the  nature  of  the  rock,  and  the 
leMbilitv  and  prol>id)li'  cost  of  carrvinsr  out  a  eoniph'te  tunnel 

After  *ome  di^ieussion  it  wa^  decitieti  on  various  ^oundn  to 
n  Uu'  tunnel  jinijeet;  it  Ih'iii;^  hehl  that  an  overhead 
nould  Ih"  n  nion*  Huital>le  eroviinij,  and  less  costly 
tn  ntftintain.  The  miners  were,  therefore,  witfidmwii,  and  the 
bnuling  wn.%  n\Ut\vt\\  lo  fill  witli  water.  In  the  venr  IHTtl — 
vhm  l»ri1  Mayo,  then  tIoverni»r-(ienernl,  rame  to  Attook, — 
the  drift-^tery  wa-^  pnnjpefl  out  for  his  ins[ieetion,  and  it  was 
found  li»  Ik*  quite  unitijnred.  The  projio^tl  to  coin]detc  the 
VMfk  was  rtvt»nHitk're<i,  lait  it  was  ji^aiu  rejifted  in  favour  of 
the  combined  nwid  nnd  railway  lirid^e,  which  now  crowd's  the 
lndi»  ai  Attwk,  a  remarkably  tine  W4>rk,  which  will  Ix^  sxih- 
arqm-ntlv  fully  di^iTilwd.  The  tunnelling  wiirk  nuTi«i  out  in 
lH00-64«  wa»  extvutixi  with  few  npplianeeft,  and  under  ^Lfreat 
^nmrifll  rrstrietioits  but  wits  sufhcient  to  demonstrate  the  per- 
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feet  feasibility  of  constructing  a  pennanent  tunnel  under  the 
IndiLs  at  a  reasonable  cost.  The  military  importance  of  a 
second  line  of  comiimnication  removed  at  least  from  the  danger 
of  any  possible  injury  by  extraordinary  floods,  would  appear  to 
indicate  the  desirableness  of  completing  the  Attock  tunnel,  but 
the  relative  value  and  advantage  of  the  work  as  compared  with 
other  means  of  passage,  either  at  Attock  or  elsewhere  on  the 
Indus,  is  one  for  decision  by  scientific  military  experts.  The 
successful  piercing  of  tlie  drift  gallery  under  the  river  has  been 
here  mentioned  as  a  bold  and  interesting  operation,  carried  out 
upwards  of  thirty  years  ago,  by  a  small  and  energetic  body  of 
pioneers,  under  very  disadvantageous  conditions. 

In  Central  India  occur  the  roads  via  Jeypore,  Tonk,  and 
Deoli,  Ajmere,  Neemuch,  Rutlam,  and  Mhow.  The  line  com- 
municating with  the  North- West  Provinces,  leading  from  the 
grand  trunk  road  at  Aligarh,  via  Muttra,  Bhurtpore,  Jey- 
pore, Ajmere,  Sihari,  Mount  Aboo,  and  Deesa.  In  the  Berars 
is  an  excellent  system  of  first-class  roads  intersecting  the  rich 
cotton  districts  such  as  the  lines  Malkapur,  Buldwana,  and 
Mehkar,  Nandura,  Molala,  Khamgaon,  and  Jalna  (leading  into 
the  Bombay  Presidency  via  Aurangabad,  and  Ahmednagar  to 
Poona).  Akola  to  Bassim  and  Umarkhed,  Murtazapur  to 
Kanmga  and  Bassim,  Budnera  via  Amroati  to  Morsi  and 
Ellichpore. 

In  the  comparatively  late  acquired  Central  Provinces,  it  is 
recorded  tliat  in  tlie  year  1862  there  were  barely  twenty  miles  of 
first-class  roatl  fully  opened  out.  During  the  following  twelve  or 
fifteen  years,  besides  a  very  large  aggregate  mileage  of  roads  of 
the  secondary  class,  three  excellently  constructed  fin>t-class  lines 
of  communication  were  carried  out,  viz.  the  Northern,  Eastern, 
and  Saugor  roads,  together  with  those  from  Jubbulpore  to 
Mandla,  and  from  Warora  to  Chanda.  The  northern  line 
extends  from  Nagpur  via  Seoni  to  Jubbulpore,  a  distance  of 
185  miles.  The  eastern  road  is  carried  from  Nagpur,  vid 
Bhandara  and  Nandgaon,  to  llaipur,  the  chief  town  of  the 
Chattisgarh  district ;  and  to  Sambidpur.  The  road  is  metalled 
throughout,  and  permanently  bridged,  except  over  the  very 
largest  rivers.  The  Saugor  roads  form  an  important  connect- 
ing link  between  Bandalkhand  and  Western  India,  these 
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exteiul  from  Julilmlpoii',       Dantoli,  to  Saiigur  ami  IIatta«niKl 
from  SiHigor  to  tlie  valley  of  Hio  NerhuJda,  near  Niirsin^oro. 
*V)w  ^l!(J^t  liiK*  lit"  lutrtlurrt  loitil  from  Nii^iur,  via  Scnni  to 
ifiibl>ul[)or4',  is  staUxU  jus  reganis  mgim'miig  and  nli^iment,  to 
be  OMe  of  tlic  best  in  Uie  interior  of  India,    The  roatl  lias  for 
oiany  vwir<  ee/L-itxl  to  he  of  more  tluin  Itical  value,  Init  fi>r  a 
CDDsidorablt'  time — before  the  JifKcuU  scvtion  of  rttilwiiy  tra- 
mming the  Ni'rbiulria  vulk-v  from  KbanJwa  to  Jubbulpuru  v/oa 
■  'I  tc<l, — thi>  particular  len*^th  of  ronii  formed  a  very  im- 
^  l  i  lilt  link  in  the  eliain  of  eotinminieation  bet^^lvrl  L'pper 
India  and  BunihaVi  inasmuch  aa  it  connected  the  tennini  of 
Ihc  tlien  open  railwavn  Mtiiated  at  Nagptir  and  Jubhulpore 
rwprctivfly.      Tlie  rojiil,  wliieh   is  everywlRTc  brtd^ii  aii(i 
inrtalhTdf  sumiounb*  a  portion  of  the  Satpiira  range  of  hills  by 
a  well  liuil  out  amt  ediist.riieted  k*ii<i^th  of  nioimbim-roiul^  with 
a»  fven  line  of  gradients  of  I  in  *M\    Tlie  Seoni  plateau  i.s 
1500  leet  above  the  level  of  Nagpur,  aiut  until  this  line  of 
cnmmunirjiHtKj  was  tniule,  'all  prLduce  from  the  hijjli  landj^ 
aiuhi  Miih  be  brought  to  tlie  liu'^er  market.s*  or  to  the  raihvav 
■t  Nagfiur,  by  means  of  pack  animals.    The  road  also  crosses 
tvo  iiii[x>rtHnt  rivers,  li/.,  the  Kaiihaiu  ami  the  iip|XT  portion 
of  tlw  VVeiripmpi;   the  fir^t  by  n  linnd.stime  stone  bridgt.^ 
which  ill  prtibttlily  [he  lar^^est  brid*^e  for  roatl  purpmej*  con- 
tttructeci  in  Iiulia,  aiul,      MtvU^  Iulh  bwni  seUs;teii  fnr  more 
drtaiird  iUll^tmtiiHl  in  the  t'oHowing  ehapter.     The  bridge 
aver  the  Weingun^  ifi  a  (ine  brick  structure,  coii'^isting  of 
TC  archcN  of  50  feet  span,  plaeetl  at  a  considemble  elevation 
-e  the  river. 

Till*  tiuuienuin  in][>ortHnt  through  linc*s  of  Hnst-rlaf^s  roads  in 
It'    "i  \    nid  .Matiras  IVcsideneit^  are  now  for  the  most 
t>l  sbfil  highways,  and  later  eons t rut t ion,  here  a.^ 

dMrwiiere,  iias  largely  consisted  of  district  road^  and  railway 
fvcAen,  Uy  the  ywir  IHTO,  IM(H)  miles  at'  r*wuLs  of  which 
apwanb  of  5iK(  miU^  were  inebilhni  anil  l>r[cl(;ed«  are  stateil  tn 
have  liew  coiwtruelitl  in  MyM>re  alone,  openinjj  up  nnnierou* 
hsn  nf  commimtention  for  cart  tmftie,  fmm  the  elcvatetl 
X,  down  to  the  priiicipal  jilacen  on  the  Western  coai»t- 
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Types  of  bridges  on  Indian  roads — Early  iron  suspension  bridge  near  Saugor— 
Early  iron  bridge  over  the  Gumti  at  Lucknow — Particulars  of  history — 
Masonry  bridges — Examples— The  Palamcotta  bridge  over  the  Tambra- 
purni  in  Tinnevelly — Bridge  over  the  Sohan,  Lahore,  and  Peshawur  road — 
The  Kanhan  bridge  at  Kamthi — Description  of  the  Kanhan  bridge — Un- 
successful attempt  to  bridge  the  river — Construction  of  the  second  bridge — 
Foundations — The  Cofferdams  —  Piers  and  abutments — Details  of  timber 
centerings — Archwork — Method  of  striking  the  centres — Particulars  and 
cost  of  bridge — Paucity  of  statistical  data  relating  to  Indian  roads — Probable 
annual  amount  expended  on  roads  in  India — Conclusion. 

It  is  evident  that  over  the  immense  mileage  of  metalled  and 
bridged  roads,  intersecting  in  every  direction  the  great  conti- 
nent of  India,  and  traversing  such  wide  tracts  of  country, 
covered  for  the  most  part  with  large  watercourses  and  more  or 
less  frequent  great  rivers,  an  enormous  aggregate  number  of 
bridges  spanning  these  streams  will  occur.  Moreover  there  will 
necessarily  exist  a  general  similarity  in  the  type  and  particulars 
of  such  structures.  For  ordinary  road  purposes  Indian  rivers 
and  watercourses  of  all  sizes  are  commonly  crossed  by  masonry 
arched  bridges  of  brick  or  stone,  with  piers  and  abutments 
founded  either  directly  on  the  hanl  sul)stratum  found  at  their 
sites,  or  on  cvlindrical  wells,  or  blocks  of  masonry  sunk  to  a 
sufficient  depth  into  their  sandy  beds.  Occasionally,  although 
rarely,  the  superstructure,  and  even  the  piers  of  road,  bridges 
may  be  constructed  of  iron,  or  timber — the  latter  material, 
however,  for  climatic  reasons,  iK'ing  ill  adapted  for  permanent 
erections  in  India.  In  the  few  notices  or  illustrations  of  Indian 
road  constructions  which  follow,  the  particular  works  men- 
tioned are  chosen  either  on  account  of  special  interest  as  early 
examples  of  road  engineering,  or  on  account  of  their  more  than 
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•vcmpi' t-i/c ;  from  nther  cntegorv  the  number  of  works  uoteti 
might  ha\e  Invn  enorniouHly  iiicreaHetf. 

A  romi  uork,  iiilrr*'stiiipj  oitly  from  the  L'arly  clfiti"  of  its  con- 
hlnit'tinn,  hjuI  from  the  fiivuinshiUfi'  that  thf  vvht>Io  structure 
wa»  miuk*  uj)  in  ImfirK  timl  vnxtvd  witliout  the  aid  of  skilled 
%orkmfn,  h  that  of  fin  irrm  sii^iiK-iisuiu  bridge,  constructcil 
lip^iirtU  of  lifty  \tNU>  ii'^i^,  tij  cniTv  a  road  over  the  rivci*  Iteusi 
iWAT  Saut^nr  in  tlic  Centnil  Provincis.  Tlie  brut^r  2tK)  feet 
in  rliTir  spill  In'tufen  thi'  [loitits  nf  ^^lI^JJe^^si^^1^,  iiml  the  id)iit- 
nu'tj(A,  which  nre  luiilt  on  snlivl  rot'k  found  near  the  surftiee, 
HI*  42  fwt  liigh  to  tile  routiwav.  Tlie  ehiuii  piers  carried 
ucj  the  fdnitnieiits  are  313  feet  higFi  iiliovc  the  road;  the 
Atrbed  j»a>AA^e  %ix\s  through  lliein  hciiig  9  fivt  wide  and 
15  fwt  lii^h.  The  bridge  platform  is  S^(K}  fci-t  loii^;,  12 
ftti  wide,  am!  weighw*  with  suspension  cliahis  aUait  Hf^v-tliree 
IWLv  'Hie  in»n  rod  siiniilminiihi  chains  are  twelve  in  luimtKT^ 
vraDged  in  pairn, — tliree  pairs  on  eitlier  side,  one  alrove  the 
olJirr,  at  a  di>tance  of  ^  feet  apart,  tlicy  p»ss  over  twelve  iron 
HtUcrj*  a  fiK3t  in  ilianicter  (euch  wci'i;hini;  about  half  a  lumdreii 
bright),  plaeitl  nn  the  suspension  piers,  and  are  Hrmiv  anchored 
mto  uuiWK  t  »f  I aasoi  i  ry  1 6  ft vt  be  I o w  1 1 1 e  su  r face  of  t  he 
imd.  'l*bc  tw<'lvc  tnain  ehaiiiN  are  made  up  of  si>lid  round  lull's 
iodMsi  in  diameter  with  euhvrged  eyeholes,  and  from  15  to  15A 
Thev  an'  IioUlhI  to^etlier  in  piiirs,  mid  are  so  dis- 
Ihat  viTlical  hkIs  of  stpmre  iron  may  full  from  the  j(»ints 
<f  nch  cliniii  aHeniately  in  parallel  lines  5  feet  ajmrt,  to  Mip- 
'  ^nrt  the  ruad  platform. 

>     The  HKui  platform  h  raiMxi.  or  eauda-red  ^  nine  inches  in  the 
Mfcldle,  ii»  foruinl  of  two  lines  of  flat  inm  Ivir^t,  4  inchi^  by  J 
HUi,  M*t  on  tHl^i\  and  8utt|K'ndtH.1  on  each  liide  of  tlie  briil^e 
Pkna  the  vertical  rods;  ciirrvini;  cross  Jtii^bt  and  lon^iiudijial 
planking  *i  inches  thick,  coveretl  hy  an  upjH*r  layer  of  cross 
pAiukinft        inc)K'>i  thtrk.     The  planks  \^ere  inil>tHldeil  in  a 
eonipMtiun  of  re^iii  IxiiliM:]  in  liiineed  oil  mi\e<l  witli  a$hes.  A 
coniioe  or  nimildinf^  of  wo«k1  \h  SLi-ured  alon^,  and  protects  the 
on*  '  ^  ^>f       planking,  ami  a  tnt>sed  hand-rail  of  pillars 

«[  lull  hmoi's  of  trtKJ»  Mirmoinited  !)>*  a  wtoiit  wimkIcii  to])- 

md^  rui»  fnmi  end  to  eml  of  tlie  platform  on  both  sides.  The 
^UAOtitv  of  material  cmplovcfl  in  this  sniall  sus[K'nsion  bridge 
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h  14'J  tons  of  ironwork,  30  tons  »f  w4kk(»  nm!  91*^^88  aihic  feei 
{or  cubit  yards)  of  masonry.    Tlic  cost  of  the  iinishcd 

structure  is  not  /^^jveii. 

The  details  of  the  work  throughout  display  considrrublc  iiig<s 
nuitv  Jiiid  neatness  in  the  Httiiigs  and  uttiiehinents,  and  in  the 
precautions  ttiken  to  allow  free  jnovvjtieiit  in  all  part!*  of  the  iron- 
work without  injur)  to  tlie  infUHonry  ;  the  ironwork  ]n  all  hand- 
wn>ught,  and  the  ])in  or  bolt-holes  are  all  accumtely  horeii  bv 
hamf  to  exju't  fit.  Tlie  ready  resourre  and  jmlient.  lalKnir  that 
must  have  bmi  excnx-ised  in  carrying  out  j^uch  a  })iece  of  work 
in  the  far  interior  of  tlie  country  .so  far  hack  as  the  year  1840 
or  184-1,  hv  the  aid  only  of  native  workmen  and  apj)lianc<^,  H 
suRieient  warrant  for  tlie  inclusion  of  this  siispension  hridp'  in 
any  mention  of  early  brid)^e  structuref*  in  India. 

Another  very  earlv  example  of  an  iron  rtmd  bridge  is  Iht* 
s!nn;tdar  but  pleasinf<  structure  l)uill;  over  the  (iuinti  at  l^tick- 
now.  This  bridf^e  ecaisists  of  three  ciint^imn  riblK»d  archen,  ^ 
ftupportwl  on  piers  and  abiilincnts  f>f  brick  niasfnn'Vj  cnrn-in|j 
a  roadway  ''30  feet  wide  at  a  Ijei^ht  of  35  feet  al)ove  low  wwttT 
in  the  riven  The  centre  arch  has  a  span  of  i)0  feet,  with  a  rise 
of  7  feet,  and  tlie  two  land  Hrches  are  each  80  feet  span,  rising 
G  feet  in  the  ccntiv,  giving  a  ijracefnl  curvature  to  the  oittlinc 
of  the  briil^e.  The  iiiei-s  and  abutnients  are  built  on  wells  sunk 
into  the  river-lml.  Tho  structure  crosses  the  Guniti  ftllno^t 
imna'diately  opposite  the  site  of  the  old  Itesidency  of  Liicknow^ 
nicniorable  for  its  pillant  and  successfnl  defiance  when  besieged 
during  the  Mutiny  of  The  histoj'y  of  the  Guniti  iron 

bridge  is  in  son»e  respwts  curious.  TIte  structure  is  naid  to 
liave  been  dcsi^tu^l  by  llennit\  the  fjreat  engineer,  architect, 
and  builder  of  London  Hridge.  I'he  ironwork  was  received  ia 
Lucknow  in  the  year  tkiring  llie  reign  of  Nnwab  S^Ladn' 

Ali  Khan,  Kin;;  of  (hide,  ojilv  alxait  twenty  vears  fdler  tJje 
erection  tjf  the  first  inm  bridge  rn  England,  and  it  is  mipptised- 
that  General  Martin,  the  talented  and  ot-eentric  French  <jlKcer, 
then  living  in  Luekno\*,  suggeste<I  the  idea  of  the  britlge  U>  tho 
Nttwab.  It  is  pn»bal)le  that  the  uijfannliar  character  of  tb" 
work  aLii»ed  the  project  to  be  laid  aside,  for  the  ironw<ir' 
remained  unused  in  Liicknow  for  nn>re  tlmn  forty  years,  who 
it  was  at  last  erected,  imd  tlie  present  bridge  conijdcted  in  tin* 


UOADS  IN  INDIA 


95 


TWfcTH  IfHl  \a  1844,  At  H  cost  nf  about  i'lH,00(),  wiUiout  includ- 
ing the  Slim  paid  for  tlio  ironwork*  which  is  not  known. 

An  turiv  iimHCtnrv  mml  briil^o  of  soitio  intiTt*st  is  that  con- 
Jttrurtcd  o\rr  tht'  'rnnihrupiirni  river,  in  'riinH'vclh\  in  tfic  vmr 
1H4-*J,  known  an  the  l*alaincotta  bri^lJ^t^  "^riiis  is  a  Fiftiidsomt" 
•InK'turv*;  its  rtrc-hitwtural  i*IfVHtioi>  havin*;  In-cn  co|)iftl  (on  n 
redmvd  ficalr)  from  tin*  Wrttcdoo  Bridge  ovt-r  tin.*  Thames  in 
Loadon.  Th<*  hridjjf  cotihisIs  of  eleven  elliptic^]  archt-s,  mch 
of  fiO  feet  fi|mn  anil  17  ftvt  rise  in  the  eentrr,  wprin^^iiip;  from 
Ufi  pH'Ps  ii\orji^n^  alkuit  10  feet  in  hei^lit  above  low  water, 
and  the  same  in  width,  with  two  uhutment.H  15  fK't  thick  at 
•fmngtitff  U'Vfl.  Tlif  bi^adtb  of  tlie  arcli-work  on  the  under 
nde  i*  S7  feet,  earrvinj^  a  li^^cl  ntfid  acrifss  the  ri\xT  iJ4  feet 
wide  and  80(>  feet  long.  On  iwh  fiicv  of  the  bridge  two  Doric 
mliuuEU  st/knd  on  the  |iroj»*ctin;^  cutwaters  of  tlic  piers^  fKvnpv- 
bl^  Uie  Hptwv  l»etween  tlie  ardus,  and  support  in;^  a  bold 
cntablnture  with  balconies,  An  ojieu  balustrade  on  eru^h  side 
nsUwU  aJon^  the  entire  len^^tb  of  the  work.  TIh'  piers  for  the 
moit  part  were  ftnitaiiMl  on  hard  rm-k  A^f/w^vr,  situatctl  a  small 
(trpUt  Mow  the  rivcr-k'd,  but  three  consecutive  piers  ivere 
built  tm  rowH  of  small  wells,  sunk  to  a  depth  (»f  10  or  12  fwt 
onlj,  wlivn-  a  finu  Intl  of  clav  was  met  with.  Along  llijs 
portiou  of  the  work,  np  and  *ftjwn  ntream  line«  i^f  wells  wm* 
^0ty  sttink  to  serve  at  curtain  walls,  and  to  retain  a  paveitient  or 
BK>rtnf{  to  jKTotwt  the  foiii)datioits.  The  interior  of  all  the 
^rrlU  wiiK  built  in  ^olid*mid  the  xpac**s  between  tbein  wert*  filial 
in  with  rubble  stone  in  cement  np  tti  low -water  level.  On  this 
ioutuLttion  tJie  three  footin*^  c*njrses  of  Ibc  piers  ^ccre  laitf  in 
«ioiic.  **ith  ciit-f*tonr  face  work  cranijKHl  with  iron.  Aliove  the 
footing  courses*  the  bridpe  is  constructed  of  lieat  t>rickwork 
partly  stiirciKxI. 

On  the  I^horc  ami  I'eshawnr  ro(ul,a  plaiti  sniistnntial  hridgi? 
€if  rmiibineti  »lono  anil  brick  nuiMHirv  crosses  the  Sohati  river,  « 
«traun  dmininj;  mi  area  of  nearly  (iOl)  stjuart  miles  \  t)ic  depth 
lif  viiirr  dorin^c  hijrh  fUxxIs  Ininij  15  f<vt^  with  a  mean  velocity 
•if  ruTTVfit  of  S)  or  H)  ftvt  a  sectftul.  The  dist^harjje  of  the  river 
in  flocxls  i%  Citlculatcd  at  nUmt  Ol^KX)  cidnc  feet  a  second,  lUid 
«.t  the  site  of  the  briilp*  the  river  ih  oxer  lOtX)  feet  \\ide.  This 
ruunple  will  .Hcr\e  a'*  a  typical  ilhisfnitioTi  ni'  the  larger  cWn  of 
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mad  hnd^ses*  eusE^tructefi  in  Luiisu  vfuch  ue  tk?  be  nitst  «itib 
miiTe  r>r  lerf  ^^uentlj.  The  S!>fatta  briii^se  ciaito&iC»  oi  liftea 
brick  tfcfaef  each  of  6^  Hrxt  «fMa.  cur^ins  *  cut-tCooe  cixibbk^ 
sod  4  lerei  rrMdwAj  !26  &et  in  vidth.  The  *rcfae>  suppnriirf 
OD  pieTH  Aibi  AhutntfGt«  of  enured  rubble  mak^xirv.  ^  in*t 
from  U)ve*t  f^xindatica  to  the  -prineme  of  the  uche«k.  Tfo 
brvtee  wa:»  built  in  three  '-ectioDs  of  live  «pai»  «ich.  tne  abut- 
niefit  pier^  and  erki  abutment^  bein^  1^  feet.  Aiui  the  xntar- 
mediate  pieT>  9  feet  in  thkkjK?>n.  Tlie  £ound*tai]a  fiwtn^ 
OMir^,  vhsch  rot  in  dnn  red  cIav.  are  lul  at  a  «iepdi  of 
17  feet  below  the  river-bed.  and  are  protected  fa^  a  ccatznootf 
tfoorin^  of  «toce  bincL*.  and  up  and  dovn  ^treaia  curtain  vaDi, 
curied  dcvn  to  the  •^ame  Level  as  the  fotmdatina  mmotaj  cf 
the  pier*.  The  clesir  »^ater»av  of  the  bridge  itnuuBg 
feet,  the  crM  of  the  structure  baring  been  about  X4dOO. 

Pn^biv  the  laTj^rest  of  the  verv  numenxsi-  ocdmur  road 
britiwe*  coTt»tructed  in  India  that  over  the  Kanhsin  river  on 
the  northern  line  of  n>kd  from  Nagpur  to  Jubbuipote  in  the 
Central  Province*.  Thi*  bridge — which  wa>  cooitructcd  be- 
tween the  \KAr*  1S66  and  1875 — adjoin^  the  militaiT  «tatian 
at  Kamthi.  Mtuated  aliijiit  ten  miles  north  of  \agpur.  The 
Kanhan  i^  a  river  of  con>idv:nihle  magnitude*  tributary  to  the 
Wtrinvuntr-i.  The  acoompanvins  illustration,  which  repnseot^ 
a  third  of  the  total  len^h  of  the  road-bridge  colfe^tIucted  over 
it.  will  CTinvey  an  idea  of  the  niain  features  of  the  structure. 

11k'  Kanhan  bridge,  with  the  trxception  of  the  ornamental 
hftlii^trade  or  parapet,  which  i^  of  ca^t-iron,  i^  coa^tnJcted 
thrrrtjcrh^Hit  of  ^nd>tone  nia-onry;  the  >tooe  for  which  was 
obtained  from  quarries  situated  along  the  north  bank  of  the 
river,  within  a  few  iiiiK>  of  the  Mte  of  the  work.  The  bridge 
i-^  coa<»tructed  on  a  severely  plain,  but  at  the  same  time  hand- 
some design,  and  convey>  an  idea  of  solidity  combined  with 
lightnesm  and  boldne^e»  of  outline.  It  is  about  1300  feet  long 
over  all,  and  consists  of  twelve  flattened  arche>  of  80  feet  span« 
springing  at  nearly  the  highest  ilood-level  of  the  river,  or  at  a 
height  of  99  feet  above  the  mean  summer  water-^ow,  each  arch 
having  a  rise  in  the  centre  of  16  feet  only,  or  one-liflh  of  the 
span.  The  total  available  waterway  of  the  bridge  is  38,400 
Miperfkial  feet  clear  of  any  contraction,  and  as  the  MMTinFiiim 
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Hood  discharge  of  the  point  of  croHsing  is  calculated  tit  nbout 
ir'jH/KK)  cubic  feet  per  second,  a  current  velocity  of  li2  feet  per 
sei't>iul  is  recjuircd  to  pfuw  the  liit;he>t  flo^Hls.  Tlu*  bed  of  the 
river  consists  of  pure  sand  overlying  I'ock.    The  latter  in 

found  almost  on  the  surface  ininie<liate]y  below  the  noi'thcrn 
Imnk,  hilt  dips  gradunlly  anil  irrt'^^ularty  to  about  .'iO  to 
feet  below  the  lowi'st  water-lcvL'l  on  the  southern  side  of  the 
river.  The  piers  and  abutment*  of  tlie  l)ridge  are  everywhere 
earrii'd  down  to  tlie  solid  r<K'k,  wliieli  ftfts  cut  irit**  le\el  In^neht-?* 
to  retvive  tlie  lowest  foiindjition  courses  of  masonry. 

The  construcHon  of  the*  present  Kanhan  bridge  was  cflui- 
ujcncLtl  in  the  year  1860.  Several  years  l)efore  this  date,  how* 
ever,  on  unsuccessful  attempt  l>ad  been  made  to  bridge  the 
river,  at  an  ill-cliosen  spot,  situated  about  a  mile  higher  up  the 
stream,  wliere  the  chaimel  was  eontratted  in  pa^in;;  through  a 
^rge,  just  beU)w  the  confluence  of  tluve  lar^e  rivers^  viz,  the 
IVnchj  Koilar,  and  Kanhnn.^  and  where*  during  hi^h  flotnls,  the 
vrhx'ity  of  the  current  was  necciiharily  extremely  rapid.  This 
lirst  propijsed  bridge  was  tlesigned  to  have  twelve  arches  of 
59  fcvt  span  each,  sprin»;ing  nt  a  heif^ht  only  ^JS  fi^et  alnnT  the 
bed  of  the  river,  pviug  a  total  water-way  i>f  about  17,000 
superficial  feet.  Tlie  piers  were  dcsicrned  to  l>e  founded  on 
wells,  sunk  into  the  sandy  nver  bed,  when-  tfje  depth  of  sand 
tvverlyin^  Ihe  mck  Ix-low  wius  insiiJIicient  for  this  particular 
method  of  foundation.  During  tfie  course  of  a  high  flootl  in 
Hie  year  18(>4-,  ^ill  tlie  works  under  construction  nt  this  bridge 
were  untlermined  and  destroyed  ;  the  piers  and  ftnmdation 
welLs  being  completely  overtunietl  and  carried  awav. 

At  tliis  time,  and  fi>r  many  su})!-e(prent  years,  tlic  1H5  miU*M 
<*f  road  between  Najjfpur  and  Jubbulpore,  wfis  perhaps  tlie  miKst 
important  link  of  connnunication  in  India,  connet'ting,  as  it 
then  <U(!,  the  terminal  potntN  of  the  open  line  of  niilwav  from 
liondiay  on  tfie  onv  side,  with  the  East  Indian  Railway  systeni 
on  the  other.  For  many  years  all  passengers  mid  maiLs,  to  an' 
from  Bombay,  CVlcufta,  and  the  Upper  Provinces,  Imd  to  pnssk 
between  the  two  railway  termini  at  Nagpur  and  Jubbulpore, 
by  means  of  this  line  of  communication,  until  that  diftlcult  and 
expensive  portion  of  the  Great  Indian  Peninsula  main  line, 
traversing  the  Nerbudda  valley  between  Khandwn  jnwl  .lubbtd- 
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pon\  wfUi  roiuplrtetl.  Tlio  removnl  of  the  obstTtiction  to  traffic 
c&miii  l)y  tiie  Kaiilmn  river,  during  tlic  four  or  fivt'  iiumtlis  of 
the  rainy  ftCftson,  was,  tJiercfore^  a  matter  of  -sucli  considerable 
mofneiil,  \]uif  /iftrr  tlie  de>truetioii  of  Hr*  works  on  the  iirst 
ltri(i*;r,  it  wa*i  almost  imnitHltatHy  dftt-Trntntd  to  commoncc  the 
i-oruitructioii  (>f  the  prt-Nent  orit-,  mi  a  new  and  muvh  superior 
<iU\  luwi  with  a  greatly  c-nlargt^d  watt^rway.  A  short  descrip- 
tion of  thifi  fine  work,  toj^i-ther  with  sonit*  of  the  more  iriteresl- 
rog  cIcrtHils  of  \is  constnietion,  will  afford  a  wiiitahle  example  of 
thi?  largest  claiw  of  road  biUge.s  in  Iiulia, 

To  obtain  a  secure  fonnrlation  for  the  piers  antl  ahiitmnits 
of  the  hndtfe.  which  would  be  exposeil  to  tlie  full  force  of  that 
grent  depth  uud  Vi*li»cilv  of  eurrent  which  we  have  already 
Indimlefb  it  was  obviously  neccsAary  to  commence  building 
in  im  the  solid  nK'k,  which  liad  been  proved  by  borinfj;s 

to  .  V.-.  it  varying  deptliH,  frota  a  few  feet  on  the  north  side, 
to  upwani?!  of  IK)  ftvl  l>e!ow  the  level  <jf  the  lowt^t  summer 
hAimt  on  ihr  »oulh  sitle  of  tlie  river.    IMween  this  water-level 
H^kI  tlie  ver\'  irrej^ular  surface  of  the  rock  Ix'neath,  the  spice 
WWt  occupied  by  pure  clean  sanJ.    In  order  to  lay  imre  the 
aurlkce  of  the  njck  al  the  site  of  each  (>ier  or  abutment  founda- 
tkm,  it  wns  necessary  to  excavate  aiul  remove  thi?*  overlying 
■«aniJ*  and  whilst  doing  so  to  exclude  the  entry  of  water,  which 
wmilH  im-vitahly  wasfi  fre^ti  sand  into  the  e\cavatitai.  This 
could  only  be  done  by  em|iloyin^  what  aiv  teefmically  called 
tpferdam*,    A  C4ift'erthini,  accortlin^'  to  the  depth  or  head  of 
wjitiT  to  K*  rxchidi'd,  is  ftmiKYl  of  a  sinfjle*  or  a  double  row  of 
paant(*d  pih-s,  driven  closely  toj^cthcr  ronrjd  the  site  of  u 
ftntmlalion,  wi  ns  to  enclose  it,    AVhen  the  piles  are  driven 
■Mh^  to  the  neei^sary  depth  and  the  eotferdam  i?^  contpleted, 
HimiRiler  is  pumped  fnaii  the  interior  area  bv  means  of  Ateam- 
pumpi, and  the  solid  material  within  can  then  iK^excnvatcd  toany 
drpth  diMrtxi,  withiti  Ihe  limit  of  depth  of  (lie  cof!erdam  itiself 
Id  oil  onlinar*'  crises  of  the  eiMploymeiit  of  these  enclosing 
ilsm,  whether  f)in^le  or  double,  the  piles  are  driven  into  some 
fr*     •  '  't'eliiy  or  other  materiaK  sufficiently  firai  to  serve 

n  for  the  intended  structure^  and  to  ^iomc  dis- 
tjucr  twlow  the  level  of  the  actual  conunencciiient  of  the 
fe— datkm  courw*.     It  in  obvioiis,  however,  tltat  when  the 
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foundation  material  to  be  built  ujxin  in  siA'u]  nxk,  into  whii'U 
the  piles  cannnt  !>e  driven,  a  problt  ni  uf  tx  very  (liferent  imtiin* 
is  prescnttHl.  In  such  a  c-iLsc  the  excavatiuii  inside  the  coffer- 
dam }ias  to  be  earried  dovm  to,  or  evt-ii  beluw,  the  loel  on 
which  the  poitiietl  pile:^  themselves  rest,  so  thst,  when  the  out- 
siile  head  of  water  is  eonsidcTHble,  and  the  hiirface  of  the  umler- 
lyin":  natural  rock  is  exeeedtrigly  uiieveti  and  irregiilnr,  it 
becomes  a  most  difficidt  matter  to  exclude  the  water  and  sand* 
and  prevent  it  rushing  in  l>etween  t}ie  Iwttoni  of  the  cofferdnni 
and  the  surface  of  the  roek.  During  tfie  interval  iiecessan'  for 
the  work  of  levelling  the  rock  niirfaee  iind  building  up  the 
masoiirv  to  a  height  su(ficjt?iit  to  enable  the  lower  part  of  the 
tkm  to  he  wefurely  Ht{>pj>ed  from  the  insitie,  the  rise  of  water 
can  only  be  kept  down  by  an  e\trftonliiiar\'  applieation  of 
pumping-power  biiflieient  to  cope  with  tlie  inrush*  whieh^  in 
s]>ite  of  all  expedients  that  nmy  be  eniploveil,  sueh  its  the  sink- 
ing of  bags  of  clay  "r  cement  nround  t!ie  feet  of  the  piles,  must 
alway.'s  I>e  excei'dingly  Iiea>  v. 

If  the  pressure  or  head  of  water  Ici  1>l'  evelnded  is  squnU^  n 
single  cofferdnm  van  be  made  tiuliieiently  water-tight ;  but  Ix- 
yond  a  certain  depth  it  is  necessary  to  eni])loy  a  doubk  dam* 
that  is,  two  line*  of  piling,  one  inside  tlve  other,  with  an  interval 
asuatly  about  G  or  H  feet  between  tliem.  In  tliisi  ease  the  space 
between  the  two  rows  of  pih's  is  first  e.vcavate<[  as  far  down  a» 
possible  by  tlie  aid  of  pmnping-power,  and  hugs  of  clay  are 
tlien  carefully  packed  and  piled  witldn  it.  ThcNL*  bag^  bv  tlieir 
own  weight,  and  by  the  weight  of  other  btigs  continually  added 
fromalMive,  gradually  sink  in  proportion  a&  t]»e  sand  helow  tliem 
is  forced  into  the  interior  of  the  now  rxcavuted  dnni  by  the  utider- 
flow  of  the  water^  until  eventually  they  rcrtch  the  rock  surface** 
and  serve  materially  to  reduce  the  mte  of  inflow  thmugh  and 
underneath  the  ]Mling,  thus  enal)ling  the  pumps  uK>re  easily  U> 
cope  with  the  vobime  of  water,  until  at  last  the  whole  interior 
area  of  the  cofferdam  is  laid  dry\  and  tlie  workmen  are  enablnl 
to  level  the  surface  of  the  rock,  in  readiness  to  receive  the  first 
foundation  masonry. 

It  was  hy  the  above  lueanii  that  the  foundations  of  tiie 
greater  nuiubcr  of  tfie  piers,  and  the  large  atid  deeply- foimded 
southern  jdnifnitril  of  the  Kanlian  bridge  was  laid  on  the  rock 
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liottoni  of  the  rivcT-l>t'tl,  In  tliis  work^  itifluditig  wet  and  dry 
excavation,  al>out  !i  nuHions  of  cubic  feet,  or  130,000  cubic 
V'Anl'*  of  111  ate  rial,  wrifrliin^  upwards  of  18T,(K)0  Urns  were 
excjivatod,  of  which  tiiorc  than  hrtif  h  millioii  of  cubic  feet  was 
exmvnted  Iwlow  watcr-lcvrl  nt  the  site  (if  one  foundation  alone^ 
VIZ.,  in  rcnrhin^  the  rock  iitifU'r  the  scmthcrn  ;ihiittiient  of  the 
hrtd^S  whcrL'  tlic  si/c  of  the  double  cofterdain  cni|jlc>ved  w;is 
180  fc*»t  [cnx^  mid  60  feet  broad.  Tlve  douhle  coHerdanift  at 
*'  ■  '  i>f  the  tleejH'st  piers  wcve  80  feet  long  and  4ll  feet 
I'  iL-  dcjilh  of  tlic  r«»ck  below  sjind  and  wnter-lcvel  being 

fniin  15  to  HlK>ut  in  fei  t.  Nenrly  20,000  cnbic  feet  of  timber 
kAiid  IH  tons  of  lOJiritrffictured  ironwork  wt-iv  utilised  in  the 
^Mwlructioti  of  lliese  fouiuliitiori  cotteriJanis. 

The  pierx  and  ahuluients  nf  the  brid^*  are  built  of  rock- 
(nml  a^hla^  hefirted  with  nibiile  luasonrv  of  ft  jinhstJintiHl 
rfaamcter.  The  j>ifrs  mjv  10  ft-et  in  thickness  at  the  top,  in* 
cTL9L<<in^  downwards^  accoiilin^  to  a  Iwitter  or  inclination  of  1 
in  X4.  nu*  twt  !ve  spruis  of  the  l>rT(l^'  are  divided  into  three 
(■iVH,  or  serif*  of  tonr  f^pans  vneh,  l>y  abntnicnt  piers  of  liejivier 
dimt*n»ion«,  it  having  liecn  intendetl  in  the  Hrst  instant*  to 
cufutruct  the  nrclics  in  M'ts  of  foitr.  Sul>^eqiie!it  arrant^ mentis, 
hfnr*-%«*r,  by  ntejuii*  of  which  the  liiiilHT  eeiittTinpi,  or  supports 
on  wkiich  the  «n*lies  were  built,  were  enablevi  to  he  left  stand- 
ing during  the  rttwx]  sea.sons,  ]ieniiitted  the  archoA  to  Ik-  c^ju- 
•►tnK'lol  iuilcpi-ruli'iitly  of  the  abutment  piers,  I'^our  sets  of 
tinilicr  cciitrcH  for  the  temporary  support  of  the  arches  during 
CQOttruction  ut-re,  however,  einpioyeil.  These  wt-re  constructed 
ciiMv  «>f  foot  hipian-  limber,  dis|M)sed  aecordin^f  to  a  very  firm 
and  ripid  dwi^i.  IKirinju:  the  turning  of  the  archwork,  each 
cv  I  '  '  id  in  support  a  maximum  dead  uclght  of  570  tuns, 
'tii  1^  to  the  ver\*  flat  form  of  t!ie  arehc*  it  wa*  nlwolntcly 

nm*Mnr^'  thnt  the  ^inkl^^c  or  jtettlemmt  of  the  temiiorjiirv 
timlMT  Ht»rk  under  this  sjrcnt  weight  should  l)c  ns  small  as 
|MKnblc.  That  the  design  fully  nriswered  tljc  reipiiremcnts  of 
the  autc  i»  evidenced  tiy  the  <  ircumst/mcc  that  the  maxinuMii 
«al*nili*nre  of  the  ceiitiw*  un<lcr  tl»c  570  tons  of  dead  weight 
tuipOMil  np>n  tlictii  niis  hardly  mitre  than  2  incbc& 

In  tKt*  case  of  every  span  where  it  wa^  nt\'c>isnry  that  the 
centering;  >dioid<t  remain  stiuidiufr  durin;^  the  rainy  or  t]iH>d 
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season,  the  central  supports  of  the  timber  work  were  carried^ 
either  directly  or  through  the  intervention  of  dwarf  piers,  on 
the  rock-bottom  of  the  river,  and  were  protected  by  a  heavy 
mass  of  rough  stone  thrown  round  them.  Several  of  the 
bridge  centres,  during  the  construction  of  the  arch-work,  were 
exposed  to  the  severe  action  of  floods  of  nearly  maximum 
volume,  with  perfect  safety  and  success.  The  width  of  the 
centres  on  their  upper  surface  was  25  feet,  and  their  height 
from  lowest  water-level  to  the  crown  of  the  arclies  was  55  feet. 
Including  foundations,  the  maximum  height  of  the  centering 
reached  about  75  feet.  In  the  construction  of  the  temporan' 
timber  work,  including  renewals  during  its  use,  87,500  cubic 
feet  of  timber,  and  more  than  50  tons  of  manufexdured  iron- 
work in  the  shape  of  straps  and  l>oIts,  were  employed ;  the 
total  weight  of  wood  and  iron  in  each  centre  being  about  300 
tons.  The  temporary  centering  of  the  arches  cost  ^^17,800,  or 
at  the  rate  of  nearly  £1500  per  span  of  the  bridge. 

As  soon  as  the  erection  of  the  first  timber  centres  was  com- 
plete the  construction  of  the  archwork  connnenced.  The  arches 
of  tlie  Kanhan  bridge  arc  80  feet  in  clear  span,  24  feet  wide, 
and  have  a  rise  in  tlie  centre  of  16  feet.  They  are  of  oval  out- 
line, composed  of  seven  blended  curves  ;  the  tangent  to  the  tintt 
curve  being  vertical.  From  the  haimch  stones  resting  on  the 
piers  to  the  keystones  in  the  centre,  the  archwork  is  built  of 
radiating  stones,  each  of  the  full  depth  of  the  arching.  These 
stones  vary  from  6i  to  4J  feet  long,  and  are  of  proportionate 
breadth  and  tliickness.  Their  weight  varies  from  2^  to  ^  a  ton 
each,  and  the  average  number  in  each  arch  is  alwut  1000,  or 
12,000  in  the  whole  bridge.  Tlie  total  weight  of  a  single  com- 
pleted arch  is  735  tons,  and  the  calculated  pressure  at  the  key- 
stones in  the  centre  is  22,000  lbs.  per  square  foot,  or  152  IbK. 
on  every  square  inch.  When  the  support  afforded  by  the 
centres  was  removed,  tlie  average  sinking  or  settlement  of  the 
whole  twelve  arches  was  under  IJ  inches,  the  maximum  being 
under  2J  inches.  This  exceedingly  small  settlement  was  due  to 
the  extreme  thinness  of  the  mortar  joints  between  the  arch 
voussoirs,  and  to  the  perfectly  even  and  level  bed  to  which  each 
arch  course  was  worked  l>efore  the  next  was  laid  on  it. 

On  the  successive  completion  of  everj'  arch,  the  '  striking  ^  of 
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the  uL'titres — that  iHta  say^  their  removal  from  contact  with  the 
iirt  h  ma«ionn\  m>  tfmt  tlie  latter  nngli  t  lio  l<?t\  .self-suppurti  was 
efFectetl  in  tht*  following  nmniier.  The  ct'ntcTinj^  wns  iiividetl  into 
two  porliu!is,  from  alK»ul.  the  Itiit?  i>f  the  .springing  \v\v\  of  the 
lien.  Tlic  upper  or  ftrc^h-Hhiiped  portion  consistetl  of  six 
'ctd  ribs,  Hrinlv  hrntvcl  tojifctlier,  and  covered  at  tlie  top 
with  *  UfQ^n^'  or  plunking  lo  nreive  the  iirf h-stoncs.  Ut-tHivii 
lhb(  upper  poHion  of  tlie  centfrin^  unci  ihv  lower  divii^ion  sixty 
icon  cvliiidvrs,  tlisposL\l  in  stk  niws  of  ten  vtivh^  were  intor- 
pomL  Each  iron  cylinder  was  15  inches  Ul^h  and  V2  inches  in 
diaineter,  iin*I  was  frMi»d  with  fine  dry  sand,  'i'ho  wliolc  upper 
tltviKioii  of  the  tindvr  work,  weigliin^  fr<»n»  90  to  UK)  tons,  wns. 
«uppurtixlon  t  hissjind,  througli  llu'  intervention  ot  nistv  wooden 
plii^  inch  11  inchcH  in  diameter,  which  enteivd  tlie  cvlindrr** 
Near  thf  liuthom  of  tfa*  Intler  two  lioK's  /dHUit  an  inch  in 
duuiM'tcr  were  bored,  and  were  kept  firmly  cloned  hy  wimhIcii 
pcfgH  or  plugH^  but  when  it  was  dcsin-d  to  lower  the  upper 
{tortion  of  the  centering  and  detach  it  from  the  rtpcliwork,  the 
15J0  plugs  cloKtiij^  the  lioles  in  the  Kjxty  inni  sand  cylinders  wen." 
«niulbincuusly  witlidruwn,  ]iennitting  the  dry  wimi  to  sh)wly 
eNCtL|>(*v  and  the  whole  uui-ss  of  tinilxT  work  forming  the  np|jer 
portion  of  the  centering  to  de>^vnd  m  a  regular  and  even  manner 
for  a  verticnl  ilislunce  t»f  one  fo(>t,  or  until  well  cK'ar  of  the 
arrh  iiufvonrv.  Hv  tlu>  nietho<l  lowering  the  heavy  titnlxT- 
ix^  all  com-iiv>ioti  ami  jar  to  tfie  airhwos'k  wa^  avoi<ted^and  the 
nition  of  strikinii  the  centres  was  [H'rformed  with  the  nnie*t 
"cct  CAM?  and  Micvess, 
The  itp]a-r  line  of  the  Kanimn  hridije  is  crowned  with  a 
And  bolillv  projectinj^  eorniee  of  ashLir  wtono,  carrying  ii 
-iron  hainHtrade  or  jmrapet,  tlie  widlli  of  the  level  iiietidlcil 
roadway  over  the  bridfjo  In  in^f  *20  feet,  Tlie  total  quantity  of 
flazi(ktone  inaM^nrv  in  the  ^^^Iole  ^U'octure  is  S)T5,ii'H)  cnltjc  iWi^ 
or  136,135  eubic  yard>,  of  which  l5HjOiO  cubie  teet,  or  5S7(i 
culiic  %'anlK^  ih  composed  of  archwork.  The  l»rid^*  wa,i  opened 
fo'  Imftic  in  SepternlkT  IHT.'t,  the  total  ci)st  to  the  hK-al 

G.  lit  of  t!»e  Cerilral  l*n»\iruv.H,  exclusive  of  the  roatl 

approadics  ainountiji^  to  -i'U)i),55l),  or  alM>ut        ]icr  ftait  run 

A  >hort  limr  after  it*  cnmpletion  the  Katiliaii  bridgt;  wa> 
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temporarily  used  to  carry — in  combination  with  the  road  traffic 
— a  narrow-gauge  railway,  which  was  constructed  to  connect 
Nagpur  with  the  rich  grain-producing  districts  of  Chattisgarh. 
On  the  recent  conversion  of  this  line  of  railway  into  one  of  a 

broad  gauge,  and  its  extension  to  join  the  East  Indian  Railway 
near  Calcutta,  an  independent  railway  bridge  of  iron  girders 
was  constructed  over  the  Kanhan  river,  not  fiar  from  the  site  of 
the  older  work,  which  then  reverted  to  its  original  character 
and  use  as  a  road-bridge. 

Very  little  statistical  data  or  information  appears  to  be  avail- 
able in  connection  with  road  construction  generally  in  India. 
In  the  ten  years  from  1848  to  1858  it  is  recorded  that  some 
30,000  miles  of  roads  of  various  classes  were  constructed,  of 
whicli  5000  miles  were  of  the  first-class  metalled  and  bridged 
type.  During  the  following  fifteen  years  road-making — more 
particularly  in  the  Central  Provinces  and  in  the  Punjab — was 
energetically  carried  on,  but  the  rapid  growth  of  the  railway 
system  from  this  time  gradually  dinunished  the  importance  of 
new  trunk  lines,  except  in  the  hill  regions  of  the  Himalayas  and 
other  outlying  portions  of  the  country  beyond  the  probaole 
immediate  reach  of  railways.  To  sucli  places  important  new 
roads  were,  and  still  are  being  constructed.  Local  district  and 
railway-feeder  roads — especially  in  times  of  scarcity  or  famine — 
have,  however,  continued  to  be  made  in  all  the  chief  provinces : 
their  construction  having  in  the  year  1871  been  handed  over  to 
local  boards  or  committees,  duly  provided  w^ith  the  revenue? 
or  grants  considered  necessary  for  the  purpose.  A  sufficient 
extension  of  railway  feetler-roads,  c^jmble  of  being  kept  open 
during  the  entire  year,  still  remains,  however,  a  very  urgent 
need  in  many  districts. 

No  accurate  estimate  can  be  fornietl  of  the  total  lengtlv 
even  of  the  main  metalled  and  bridged  roads  now  existing  h: 
India,  but  it  is  stated  that  during  the  thirty  years  previous  tc 
1889  the  amount  expended  from  general  and  local  funds  or 
ordinary  roads  and  bridges  throughout  the  country  does  not 
fall  short  of  itx. 1,500,000  * — or  a  million  and  a  half  sterling— 
a  year,  and  all  important  centres  of  population  in  the  chief  pro- 
vinces— especially  of  Upper  India — Iiave  now  lon^  been  con- 
nected by  lines  of  permanent  highway, 

*  /ttdian  Administration  during  the  past  thirty  years.~Vsa\.  Paper,  1889. 
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KiriyifttT("ln[  iKHi  ul  iiiti^.itniii  inUi  [mii.i — Kninfnll  c<ni>liti(tit.'«— Bc'R^I — North* 
Writ  Wovinecs — I'linjah — Scimle— ilumliny  and  MAdms— Moilti  of  ob- 
Uining  wAtcr  for  iirigalinn — Variclici*  *>{  lanaU  — Native  works — Ancieni 
inuiuUtuMt  cmialft — Xntivt:  state  of  BahniAalput  — Uticcrl.nJn  urn!  irrtiinUj 
tjfilrm  of  inijjaliiin— Mmlras  irrtj;.ui"in — Storage  tanks — Channd  irri^jatioii 
tiy  meiini  of  *  anicuU  '  or  wcire— Kavrri  Delta  irfigaiii>n— The  *grnid  ani 
art* — Native  wcit% — M'xtc  of  cumtruclion — 'KhaiKlaras*  in  Kh.imicsli— 
Tsnkt  tn  MjfwiTC  anJ  the  Camntic— jmplcs  ijf  large  Isnks — raiumy  l»n!k 
— VifiBum  Tank — ChemTirrmUiukftm  ttUt  «nJ  new  icsL-rvoii—  The  Cumniun 
itnk — LolcAin  cmlatikmcnl — The  Ntig^ftr  ancient  Uink  in  Mysoft"*Tlu' 
Kaveh  P»ak  lank — l)r*c'ii|>tioii  of  ihe  Matkluk  Mamir  tniik.  . 


HE'*  vuha*  of  iLrtifk*i»l  irrigHtiuM  ami 

its  t'liiploviiu-nt  fi>r  iiim'tiNiu^  tlu- 

trriility  of  tlir  suil,  wjls  in  xcrv 

Hiicieht  tiiiK's  well  known  and  prac- 

tihti!  in  Imlia.    Its  milv  iiitrothir- 

tion  is  no  ilciul)t  of  Miiulu  origin, 

anil  iU  gn*iitL*r  ur  tesn  previdvnce  in 

Miy  distrift  was,  as  it  still  is,  nininly 

dependent,    on    the    de(ieicney  or 

alnindancr  of  the  nntifA!K  mid  the 

supply  of  wrtter  eiirritd  hy  the  water- 

eiuirHOi  and  rivers  of  tht^  tountry. 

In  Uie  extreme  euhtern  di^triets  of 

tile  IVovinee  rif  Hi-n^il  the  unntm] 

rainfidl  is  no  ainindaiit  luul  rt-j^o|jLr  iii  tpiantity,  that  ^irtiticia] 

fiKiuta  of  irrijcution  are  needless^  and  failure  of  the  cropM  in 

JIT'  '     "     tniknovkii.     In  Iteh^r  and  Orissa  the  riunfH.ll  is 

Oft.  i  irjr»'  'Uid  e*en  e\ct>.-*ive,  hut  lesi*  lerUuu  ;  ilivwti*ouh 

Iff? 
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Allure  occurring  at  long  intervals,  such  as  occurred  in  the  latter 
district  in  the  year  1866. 

Over  a  great  portion  of  the  Lower  Province  the  hig^  annual 
rainfiEdl,  added  to  that  precipitated  on  the  slopes  of  the  Hima- 
layan range  to  the  north,  occasionally  floods  the  rivers  with  such 
great  volumes  of  water  as  to  inundate  the  countiy  and  damage 
the  crops  by  excess  of  moisture.  Artificial  irrigation  is  here 
more  commonly  resorted  to  for  the  cultivation  only  of  the  cold 
weather  crops. 

In  the  higher  Provinces  to  the  north-west,  however,  the  rain 
clouds  coming  up  from  the  sea,  before  meeting  the  northern 
range  of  mountains,  have  first  to  pass  over  immense  tracts  of 
highly-heated  land,  and  have  already  discharged  a  large  portion 
of  their  contents.  Hence  arises  that  almost  constant  scarcity 
of  water  for  purposes  of  cultivation,  which  renders  artificial 
irrigation  in  this  region  of  such  inestimable  importance. 

Still  farther  to  the  westwards,  over  the  greater  part  of  the 
Punjab  Province,  south  of  Lahore,  the  amount  of  annual  rain- 
Mi  rapidly  diminishes,  many  districts  being  practically  rainless. 
In  this  region,  without  the  aid  of  water  drawn  from  the  great 
perennial  rivers  or  from  welis,  agriculture  becomes  virtually 
impossible.  Over  a  large  tract  of  the  central  districts  of  India 
the  conditions  are  much  the  same  as  in  the  North-West  Pro- 
vinces, the  average  annual  rainfall  being  between  30  and  40 
inches,  increasing  gradually  in  quantity  to  the  eastwanls  of 
Nagpur. 

Along  the  line  of  the  Western  Ghats,  from  the  Gulf  of 
Cambay  to  Cape  Comorin,  the  rain-laden  clouds  from  the 
south-west  principally  discharge  themselves  on  the  high  lands 
immediately  adjoining  the  coast,  giving  a  fall  averaging  100  to 
150  inches ;  but,  as  a  consequence,  farther  inland,  over  a  long 
central  belt  of  country  extending  from  Khandesh  to  the  ex- 
treme southern  point  of  the  peninsula — comprising  nearly  all 
the  central  portions  of  Bombay,  Hyderabad,  and  Madras — the 
annual  rainfall  is  scanty  and  inconstant.  In  the  southern  por- 
tions especially  of  this  tract,  owing  to  the  fall  of  the  country, 
the  water  is  carried  off  by  the  rivers  with  great  rapidity,  hence 
arises  that  immense  development  of  artificial  tank  and  other 
irrigation,  imder  l>oth  the  ancient  and  modem  rulers  of  the 
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aNintrv\  for  which  the  ^xtiTiiic  snuthtrrn  part  iti'  hnl'ui  is  s*t 
cclcbraU-ci. 

Hk'IV  arc^  three  sia-cial  tnethodn  of  oljt^uniitfr  a  supply  of 
wrUt  far  irri^atitni  ptirpaseh,  viy,,  by  means  of  wells,  slopa^ 
tanlui,  ajid  caimln  dcriveti  from  tlie  rivcrB  of  the  coimti-y — any 
«r  nW  of  whieli  tuny  Ik*  <-omi>Jiie4l.  Cnrml  niethcHls  may  Ix* 
divided  into  M-veral  elasses.  Fii^t,  tliere  (ire  simple  Maunda* 
tion'  iiumls,  consihtiiig  of  water-diauiieU,  artificial  or  seuii- 
lutificial,  unprovided  witfi  any  means  of  rerrulatin;^  and  er>n* 
trolling  die  supply  at  the  head — uliieh  lend  water  away  from 
tbr  rivcpt,  antl  are  filled  oidy  when  the  latter  are  in  flood,  being 
of  drawing  off' stater  at  other  tiinei,  SeLomllv*  theix' 
ivliteh  niav  he  ealled  ^periodie.'  TJa^se  are  derived 
frtni)  rivers  having  a  changcahic  and  uncertain  jiupply.  In 
order  ti>  prevent  the  water  rnniiin**;  to  waste,  some  kind  of 
tomporarv  or  |K'nnaneiit  dam  is  cfinstruded  ae^<.vs^  the  river 
lird,  tu  intercept,  ntore  up,  and  divert  the  water  into  the  cnnaU 
either  dtiring  the  rainy  season  only,  or  inore  <"otistantly.  as  the 
MJpplj  in  the  river  »ulinit.H.  Ijv^lly,  there  aiv  thostr  whieli  aiv 
called  constant  or  *}wreninal '  eanals.  These  draw  their  supply 
front  rivers  whieh  at  all  times  td*  tla*  year  run  with  a  sulfieient 
vnluim*  l<i  sup|ily  tla*  eanals,  without  previous  st<»ra^e,  and  aix* 
•applied  witli  danir^  or  wei]>,  and  neeess^iry  works  at  the  Iieiul 
mutitig  and  regulating  the  HU]>ply  of  water  as  rt^piired. 
Weli&f  ortilicial  storage  tanks^  and  inundation  eanals  liave 
foTApf*  Uvn  largely  eniph>yed  by  the  natives  of  tlie  eountf)', 
also  to  n  certain  extent  ^  periodic'  canals;  hut  It  is  onlv  during 
the  |>«*riiiil  of  llritinh  rule,  with  sniall  exception,  tliat  the  great 
cIm  of '  iH'renniiU  *  amals  have  been  con-struett?<l. 

(Hrr  the  greater  part  of  the  Indus  1m.sin^  the  cradle  of  tlie 
t  ci^ili-M-'d  races  in  Hindustan,  and  specially  in  thu.se  ahnt»st 
minlesA  portion?*,  where  cultivation,  without  the  fertilising  in- 
fliMorr  of  water  would  have  Ix-en  ini possible,  evulences  of 
■acient  "inundation  canals'  for  irrigation  arc  to  lie  met  with 
in  gTvnt  quantity.  TliCfie  artificial  cutji  were  sometimes  of 
dimrnsiores  in  some  easi^  Ihey  were  no  doubt  originallv 
abondfuuxl  river-channels  kept  open  by  continual  dearanu*;, 
Ajk  their  nana*  implies,  they  ronld  only  lie  of  servicv  during  the 
piriod  «hen  the  riven*  were  in  flood. 
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In  the  early  part  of  the  year,  under  the  influence  of  the 
growing  heat  of  the  sun  the  Mater  stored  up  in  the  form  of 
»now  on  the  Himalayan  mountains  is  gradually  released.  In- 
creasing volumes  descend  the  Indus  and  other  snow-fed  streams, 
and  the  canals  are  filled ;  the  water  reaching  its  maximum  body 
during  the  fierce  temperature  of  the  summer  montlis,  when  for 
the  purposes  of  man  it  is  most  required ;  but  during  the  winter 
months  of  the  year,  the  level  of  the  water  in  the  river  remains 
at  too  low  a  level  to  enter  the  elevated  channels.  These  inun- 
dation canals,  together  with  wells,  were  the  only  means  of 
irrigation  available  in  very  ancient  times  in  the  Punjab  and 
Scinde. 

A  very  large  number  of  early  inundation  canals  are  to  be 
met  with  in  the  almost  rainless  regions  of  the  Indus  basin, 
especially  in  the  great  alluvial  plain  below  the  junction  of  the 
five  Punjab  rivers.  In  size  they  vary  from  10  to  SCO  feet  in 
width,  from  3  to  10  feet  in  depth,  and  are  of  all  lengths  up  to 
sixty  or  seventy  miles.  As  already  stated  there  are  no  head 
works  to  control  the  supply  of  water,  and  irrigation  from  them 
is  carried  on  hy  means  of  branch  cuts  leading  from  the  main 
canal,  which  feed  the  minor  distributing  channels.  The  exca- 
vations are  carrie<l  at  such  an  angle  from  the  parent  stream  as 
to  gain  as  great  a  fall  as  the  nature  of  the  country  admits. 
Owing  to  the  constant  encroachment  or  recession  on  either 
hand  of  the  Indus,  these  canals  are  most  difficult  to  keep  open 
from  season  to  season.  The  Indus  brings  down  an  enormous 
<|uantity  of  material  held  in  suspension  in  its  waters,  which 
being  deposited  along  its  course  causes  a  gradual  raising  of  its 
bed.  The  banks  also  are  constantly  being  eroded,  thus  there 
is  a  continued  action  tending  to  fill  up  the  channeb  derived 
from  it,  necessitating  heavy  periodical  labour  to  keep  them 
clear.  The  greatest  deposit  takes  place  in  the  portion  nearest 
to  the  river,  where  it  often  reaches  5,  to  even  10  feet  in  depth ; 
and  in  order  to  preser>-e  the  original  level,  stone  posts  are  set 
up  to  mark  the  limits  of  clearance  required. 

Owing  to  the  elevated  position  of  the  hed  of  the  Indus,  the 
highest  land  is  at  the  river  banks,  and  the  inundation  canals 
are  cut  through  this  relatively  high  margin  in  order  to  carry 
water  to  the  lower  levels  removed  from  the  stream.  An 
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hitcn5*tirtg  t*\ani}>le  of  these  iint^ieut  cnnnls  is  tlint  tuUed  Iho 
•  Hipui,'  on  thp  right  ImuiIc  of  the  Indus,  Iwlow  Siikkur,  '  In 
1H44  it  was  (IfscrilK'tl  hy  Liouteiiunt  Macrla^tui  ^is  having  a 
to  till  length  of  fortv-i'if^lit  iTnlt>,  with  m  fall  of  iJH  feet,  'ilie 
heftd  wiw  on  ft  Ailv  channel  at  a  clistAiice  of  nearly  seveo  miles 
from  the  Indus,  I'or  the  litst  hvrnty-Hirce  miles  it  ])H.s.sed 
Uiruugh  a  countn'  covcrcti  with  jungle,  I)iit  presenting  froqucnt 
Iracni  of  fonniT  cultivation.  It  wiis  then  lKN:oniiiig  yearly 
auudler  from  the  defwlivc  system  of  rkaring.  At  tltc  lieiul  it 
mt*  24  fivt  wide,  nitli  ji  depth  uf  9  feet.  This  cuiial  in  1854 
va»  enlarged V  and  its  akiwicity  nearly  itnuhlod,  by  the  British 
OoTcmincnt.  One  of  it»  main  branciies  or  offshoots  was  also 
cJcaml,  numerous  villages  nprani^  up  along  it^  eourse^  and  the 
luira  of  JacobnlKid  was  founded  in  the  midst  of  a  Iwrren,  tree- 
lean  wAxte,  the  tail  being  extended  to  the  Kelat  Ixiundary,  near 
Kbrm  Garhi/  * 

Anotiier  large  and  ancient  inundation  canal*  uriginally 
foUoiring  a  nadiml  branch  of  the  Indus,  is  tfiat  known  as  the 
•Fuleli" — froTii  Hyderal)ad,  in  Sciiule,  to  a  point  ou  tlie  Indus 
sixteen  mil<?s  b<*low.  The  junction  of  the  natnml  cliainiel  nt 
the  latter  point  was  ch^eil  hy  a  dam  iti  the  time  of  the  Amirs, 
and  Uh'  water  was  utilisinl  tu  feetl  tlie  Gaja  Gniii  and  other 
cmiiaiA  to  tlic  Miutltwanls.  A  hirge  ritnnber  of  the  very 
nuinrmuji  ancient  inuiulatitm  canals  aivd  tliL'ir  branches  in  this 
part  of  the  Indus  lalley  have  during  compurntively  recent 
vean  been  improved  and  rendered  exceedingly  vahiahle  for  the 
iBats  of  this  arid  n-gion. 

^In  the  higlier  portions  of  tlie  Indus  valley  above  Multiin,  and 
in  tbc  vallty  of  the  Sutlej,  imuidnttoti  canals  were  formerly 
nanicrous,  and  the  rich  country' of  Muyaffkrfjarh  lietween  the 
rtimah  and  the  Imlus,  was  one  sheet  of  ruttivation.  In  a 
fonn<fr  age  such  canals  were  conducled  from  all  the  live  rivers 
of  Ihe  INtnjnb,  ani!  traces  of  Hieni  are  perceptible,  w  ith  ruins  of 
citim  and  vilhigcs  on  their  lianks.  In  tlie  central  parts  of  the 
*Bari  Domb,*  alxjve  the  Multan  tbstrict,  the  fji\ce  uf  the  eonntrv 
i*  corercfl  with  Imctw  of  former  life  ami  ]>rosperitv\  due  to 
tnundation  canals  derived  from  ttie  uld  *  Heus,  whicti,  before  it 

1*71^3.— P»HUmcnlaTy  Pnper. 
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was  diverted  into  the  Sutlej  in  1790,  had  an  independent  ootine 
to  the  Chenab/ 

The  chief  canals  of  the  upper  Sutlej  system  are  the  Kanwah 
and  the  Sohag.  The  Sohag  canal  leaves  the  Sutlej  a  little 
below  the  mouth  of  the  Kanwah,  and  irrigates  the  country 
between  that  canal  and  the  river.  It  is  seventy-three  miles  long» 
and  has  been  much  improved  under  British  rule,  the  duumel 
Iiaving  been  straightened,  and  masonry  outlets  constructed.  A 
continuation  of  tlie  Sohag  is  connected  with  the  old  Beas  bj  a 
cross  channel  called  ^Nawabbin,^  a  name  derived  from  the 
Nawab  of  Multan  in  the  last  century,  who  carried  the  water 
into  the  Beas,  and  thence  into  the  Multan  district,  for  the 
purpose  of  pro\iding  a  navigable  passage  for  his  wife,  who  was 
travelling  down  country  in  a  boat.^  The  Afghan  rulers  left  by 
Aurungzib  were  to  a  great  extent,  the  authors  of  this  system  of 
irrigation. 

In  the  native  state  of  Bahawalpar  a  great  number  of  inunda- 
tion canals  formerly  existed,  fed  from  numerous  branches  of  the 
Ghaggar — the  ancient  *  Saraswati " — which  formerly  flowed 
through  the  country  to  the  Indus.  Afler  the  bed  of  the 
Ghaggar  dried  up,  and  the  desert  sands  had  encroached  over 
large  districts  which  had  once  been  fertile  and  populous,  nianv 
of  the  old  bmnches  of  the  Ghaggar  continued  for  a  long  time 
to  be  partially  supplied  with  water  by  cuts  made  from  the 
Sutlej  to  their  nearest  points,  but  gradually,  year  by  year,  more 
iind  more  land  fell  out  of  cultivation,  until  nearly  the  whole  of 
the  upper  north-east  portion  of  the  State  became  practically  a 
desert.  Since  the  year  1867,  under  the  fostering  care  and 
eiiei^'  of  the  English  political  agents  in  power  during  the 
minority  of  the  Nawab  of  Bahawalpur,  a  large  amount  of 
prosperity  has  Ixvn  restored  to  these  rc^ons.  Numerous  inun- 
dation ainals  of  considerable  size  and  length  have  been  con- 
structed, together  with  some  few  perennial  canals,  drawing  off 
the  Sutlej  water  from  l)elow  the  winter  level.  Many  of  the 
older  water  lines  have  also  been  reopened,  and  the  blessings  of 
extended  irrigation  have  once  more  been  diffused  over  the  land. 

*  Tlie  important  system  of  inundation  canals  fix)m  the  Punjab- 
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river^  upon  whk'h  the  vt^ry  existence  of  the  intiabiUntii  of  a 
vast  area  in  the  rftinlw*  region  ilepeiids,  uas  adiniiiist^red  in 
former  tiiueH  by  the  pfo^ile  thvmst'lvL's.  The  whtjle  of  this 
c]m»  of  canals  within  Jlritish  tt^rritory  iiAs  now  long  Ix^n 
placed  under  the  rt^vilar  inanagoment  of  the  Irri^ntion  IX'jmrt- 
nient.  I'ntil  a  coitipamtively  recent  period  tlicre  wns  uu  ilircct 
caniil  revenue  from  this  chiss  of  carmlH,  the  returns  «p|)ertring 
only  in  Luid  revenue.** 

It  is  obvious  that  inundation  canal.s^  under  any  eircunistances, 
alTord  a  ver\'  irreguhir  and  uncertain  system  of  irrigation,  iKnng 
pnlirrlv  depemient  on  the  fi^ed  volume*  regular  periodicity, 
duration  of  the  river  floods.  To  eonvert  t!iis  system  of 
PptiaLi  into  one  of  a  eertaiu  and  [XTniaiiviit  thanicter,  wlietlier 
fa  Scindo  or  in  tlie  I'unjab,  present's  no  diflitiiUy  beyond  tJiat 
of  ex|)enhc,  t>ut  this  consideration  ha.s  exceptional  force  owing 
to  tho  tMiinpvuTitively  .spiirse  population  and  ]ioverty  o("  tlie 
districts  where  the  M>tcni  is  chietiy  met  with. 

In  the  southern  districbs  of  the  Madnis  PrL-^iitleiiey,  where  the 
nkiiifall  is  small  and  exceedingly  precarious,  and  ri^or  supplicsi 
arv  more  diftieult  lo  obtain^  an  etiornious  nundier  of  artificial 
Uuika  or  reservoir?*  for  the  storage  of  water,  sonic  of  great 
•ntiquitv,  are  to  l>e  found.  These  tanks,  often  of  prodigious 
suoe,  aiul  displaying  in  tlieir  oon^t^tction  a  very  high  degree  of 
cnRtlU'ering  skilly  were,  and  Jitill  are,  so  eontri\ed  as  to  collect 
during  the  rainy  se>ison,  and  store  up  large  IxkUcs;  of  water  for 
me  during  the  seatfoti  of  drought.  The  storage  of  water  in 
RMTvoir»  for  irrigation  purpost%  although  reaching  an  unusual 
deirelopnimt  in  Madnts^  was  in  early  times  lus  it  is  at  present, 
ooniniun  over  the  greater  part  of  India.  In  the  neighlkairhood 
of  filiiHKit  even,*  Urge  towTs,  reservoirs  or  tanks  for  Imtliing, 
wajJiing,  and  drinking  puq)oses,  are  very  numerous.  These 
tanks  An?  anuidly  fetl  by  the  surfaco  drainage  of  the  innuediate 
ground.  Some  of  them  are  of  very  conaidemble  >i/e,  and  are 
cnci«iBC*d  by  massive  ma^nry  walls,  having  flights  of  cite^>s  at 
bitmnl!*  for  the  eon^enieIlee  of  Imthers.  Large  I rees,  affording 
a  grateful  ^hade,  overhang  the  banks,  and  pictureM|Ue  temples 
fvr  «hnne«  au«t  their  retlections  in  the  water.  Many  of  these 
Unlu  arc  of  great  beauty*  as  that  of  Saugor  in  the  Central 

■  PuiiiAcniary  Paper,  pk/r  note,  page  S. 
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Provinces,  or  the  Holy  tank  in  the  centre  of  the  large  com- 
mercial town  of  Amritsar,  in  the  Punjab.  The  latter,  with  its 
golden  temple  in  the  centre,  connected  with  the  shore  by  a 
marble  footway,  and  the  quiet  seclusion  of  its  surrounding 
marginal  platform,  forms  one  of  the  most  striking  and 
beauteous  objects  in  India.^ 

The  main  feature  of  the  ancient  irrigation  system  in  the 
IVIadras  Presidency  was,  to  a  great  extent,  as  it  still  is,  the 
employment  of  large  or  small  tanks  for  the  storage  of  water, 
but  channel  irrigation  was  at  the  same  time  extensively  ' 
practised.  The  smaller  streams  of  Southern  India  are  frequently 
mere  torrents,  carrying  oft'  the  water  with  great  rapidity,  so 
that  they  become  dry  after  a  few  hours.  In  order  to  utilise 
the  water  for  irrigation  purposes,  it  was  intercepted  by 
ankuts  or  weirs,  built  across  the  streams.  It  is  only  the 
larger  and  more  important  rivers  that  can  supply  means  of 
irrigation  on  a  large  scale  directly  from  their  channels,  and  pro- 
bably all  these  rivers  were  to  some  extent  laid  under  contribu- 
tion in  former  times.  The  most  interesting  example  is  perhaps 
the  Kaveri  Delta  irrigation  in  the  district  of  Tanjore,  which, 
designed  and  constructed  by  native  engineers,  contained  the 
germ  of  the  great  Delta  schemes  subsequently  carried  out  by  the 
British  Government.  Near  the  head  of  the  Kaveri  Delta,  *  the 
ancient  native  work,  called  the  "grand  anicut^  was  a  solid  mass 
of  rough  stone,  1080  feet  long  and  40  feet  broad,  stretching 
across  the  bed  of  the  Kaveri  in  a  serpentine  form  at  the  lower 
extremity  of  Scringham  island.  It  was  built  upwards  of  160Cr 
years  ago."*  ^  The  improvement  of  the  Kaveri  system  of  irriga- 
tion was  the  earliest  irrigation  work  undertaken  by  the  English 
Government  in  this  part  of  India. 

'  Tinnevelly,  the  southernmost  district  of  Madras,  is  watered 
by  the  Tambrapumi  river  by  means  of  anient^  placed  at 
intervals  across  the  stream,  whence  channels  are  led,  either 
directly  for  irrigation,  or  to  supply  tanks — the  number  of 
which  in  this  district  is  exceedingly  large.  The  a^iicuts  are 
earth-eniliankments  with    masonry  sluices :  they  are  very 

^  P^ide  •  Public  Works  in  the  Bengal  Presidency,*  vol,  xviii.  Ptce,  Inst,  Civil 
Engifuers, 
-  Parliamentary  Fairer,  vid€  note,  p.  8. 
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uscicnt  native  works/'  In  the  middle  reaches  of  many  of  the 
l&r^r  rivt'rs  there  arc  to  l)e  found  ancient  amcnU  or  weirs  of 
rton*\  g^wrallj  adniirfihly  situjttcd,  but  of  rude  and  imperfect 
con>tructiiin  :  many  (in*  nihird,  and  others  ref|uirc  extensive 
unnuul  repairs  to  keep  them  nervnceable.  Advantage  was 
iiMrnIty  taken  of  a  rtM.'f  of  rocks  running  across  the  river,  the  l{*w 
nU*-»*>  i»ein)j  filU-il  in  with  nibble,  or  random  stone,  faced  on 
both  sides  with  lariat*  blocks  laid  dry,  and  occasionally  fastened 
knj^UuT  with  erniijps.  There  is  in  most  case*  nnieh  leakage 
tiin>iigh  the  U>dy  *>f  these  native  weirs,  but  it  can  harilly  Ix' 
diie  to  tiiin  cireiiuistanee,  that  although  they  are  not  provided 
with  *luiec»  for  ereatinpr  a  seonr,  the  river-beds  on  the  npper 
aide  of  them  do  not  appear,  except  in  a  few  eases,  to  h/ive 
bn-n  niattTially  rai^xl.^ 

ITic  site*  of  nianv  of  the  oJd  anicuts  thrown  jurross  the 
ri**erh  in  Mh  jiart  of  the  country  have  often  so  judicioiiislv 
diOMm  by  the  native  enf^iiicers,  tliat  very  little  expense  has 
been  incurred  in  conHtmctin^^  them.  One  across  the  Tumlniddra 
ri»iT  in  the  Belnri  district^  at  a  point  where  it  is  divided  into 
two  fftrmiiiA  by  an  island,  is  an  interesting  instance.  Between 
the  inland  and  tlie  river  banks  there  area  number  of  ^nailer 
klunriff,  or  clusters  of  ^rarnte  rock.  Tliese  have  all  Ihh'U 
utilined  in  construction  llie  long  timad^  which  iUelf  eonsist-*i 
ftimply  of  iKinlders  and  hlm'k?*  of  granite  thrown  promiscuouslv 
tugether  to  till  up  Uie  spaet's  iK-tween  the  natural  portions,  The 
firipition  chnmiel  taken  otfulKue  this  weir  is  S5  feet  wide  and 
4  feet  deep,  witti  a  fall  of  1  foot  [x;r  mile,*  Nine  such  nnkitU 
in  Ihf  Tmnbuddra  were  eonstructwl  by  the  lliijnhH  nf  Hijaya- 
in  151il  and  stil»>«et|uent  years,  and  irrigati*m  ehanoL'ts  of 
length  of  eighlv-nine  miles  were  let!  into  the  valley. 
In  ct>nj*truction  the  native  wein*  are  of  a  simple  character, 
nevertbelessi  verv  elfective  for  their  pur[K)Ne,  The  up-stream 
i»  oAtti  fonm'<i  by  a  slightly  Mwittert^/  that  is  inclined 
wall,  imrcfully  built  of  krge-Hized  stones,  with  extra  lung  on<^, 
or  *  bcnilcT*,''  inMTte<t  at  freipient  intervals.  The  stono  of  the 
top  row  next  the  water  are  sometimes  notched  together,  or 

'  PultaBkcat^  ftpcr,  vidt  note,  p.  S. 
VWt  Minmtts  sf  Prpcttttmgs^  Ihstituthtt  of  O'vtV  Stigitt^rs,  vol.  \x\\\\. 
t87l>7a.  *  ibid.  vol.  xxvii,  s^i&iciQ  1867-68, 
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hound  with  iron  cramps.  A  long  apmn,  or  slope,  formed  of 
roiii^li  stoncH  tliniwii  pri>riiis<'uously,  extend.^  on  the  di>wn- 
streuin  side,  and  aUiug  the  foot  of  the  >.lope  two  or  thrtf  rows 
of  very  large  (vnd  hea^'y  stoaes  are  uarcfuJly  laid,  to  prevent  Uie 
e'wnpe  of  tlie  rough  stone  forming  thL'  npron.  In  some  fa>es 
the  upper  surface  of  the  latter  is  set  with  stones  rejrularly  laid 
by  hand,  so  tm  to  give  it  a,  smooth  surface.  The  anintUt  are 
invariAbly  founded  on  a  rocky  bottom  ;  the  construction  of 
permanent  weirs  across  sandy-bedded  rivers  having  probtbly 
been  beyond  the  skill  of  the  old  native  artificers. 

In  the  Bombay  Presidency  the  British  Govern  men  t  Imve 
itiheritetl  from  ancient  times  a  scries  of  weirs  on  almost  everj* 
perennial  stream  in  Western  Khandesh.  These  old  weirs,  or 
hhtmdarm,  are  found  from  near  the  source  of  the  rivers  ns  for 
down  m  suitable  land  for  irrigation  exists — or  as  far  as  it  is 
pttssible  to  construct  them  at  a  reat^anable  cost.  ( )nginHllv  the 
weiiv,  from  the  existence  of  curious  square  holes  cut  in  the  rock 
near  the  sites  of  many  of  the  existing  works,  appear  to  btt%'e 
l>een  wooden  structures,  or  temporary  dams  of  eartli  strengthened 
by  wooden  posts.  WootI,  however,  became  .scarce,  and  now  tlic 
dan^s  are  either  of  solid  masonry  or  fxrcasionally  of  t'aiUi  and 
sand-  The  number  i)f  hhttjidaras  in  working  order  in 
Khandesh  and  Nasik  is  now  about  200,  but  then?  are  iUso  many 
ruinetl  and  abandoned  ones. 

The  channels  which  lead  the  water  oft*  from  the  bkundaras 
to  tlie  irrigated  fields,  Usually  skirt  along  the  river  Iwmk,  with 
little  or  no  protection  against  tlie  river  Hoods,  until  they  reach 
the  higher  land.  The  alignment  of  the  cliunnels  show  little 
reganl  for  civ>ss-drainage  or  levels.  As  a  rule  physical  obstacles 
are  avoided  by  following  a  contour  line;  small  streams  are 
crossed  on  a  level,  while  tlie  bed-falls  of  the  channels  are  oflen 
very  insiiffifient.  The  gnmnd  at  the  commencement  is  often 
very  broken,  ami  originally  the  channcb  ran  for  long  distances 
up  the  hollows,  or  interceptetl  streams,  crossing  the  latter  cm  a 
small  hank  wfuch  would  be  carried  away  by  every  fresliet,  then 
down  agidn  to  get  round  the  hillocks,  in  and  out  in  a  most 
tortuoas  coui^se,  at  times  cbnging  to  the  precipitous  clifTs  of  the 
river  until  more  favouralile  ground  was  reached ;  and  in  some 
placeit  it  in  extraordinary  to  note  witli  what  fiatience  very 
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considerable  ilifRculties  have  Ijtvn  o\i^rttJtiie.  The  original 
chAnnel.H  have  in  course  of  time  bevu  improved  by  tho  comtruc- 
lion  of  nqm'cliu'ts  i\m\  weirs  at  tlie  cros.sin^  of  the  sinal! 
itminis,  prott'cting  walls  liave  l»een  built  and  diversions  cut  to 
stmi^htcn  the  nlignnient.  llie  total  area  irrigated  hy  ih&ic 
1  workh  is  nearlv  24,000  aeres,^ 

'r!>r  ttmoiuit  of  irrigutioii  formerly  and  still  carried  on  over 
large  iHstricta  in  Southern  India  by  means  of  artificial  tank 
■torage  h  extraonl  inar\\  '  Mysore  and  the  (*arnatie  are 
covrrrd  with  thousandn  of  tanks.  In  the  fourteen  distriL-ts  of 
MadnLH  there  are  said  to  be  some  4^i,000,  all  of  native  origin,  w  ith 
iJO»000  miles  uf  enilMxnkujents  and  300,000  separate  ma^ioury 
worki.  The  tanks  are  formed  in  various  ways*  according  to  the 
arddeiit*  of  the  gnnmd,  Eml>ankment>*  arc  thrown  aerosn  the 
Kot^"*  of  vnllcvs,  high  enough  to  retain  a  vohjine  of  water 
proportioned  to  tlie  irrigable  acres  situated  below,  De;i<.'ending 
tcrmrwi  of  land  are  oeciipied  by  a  jiuceession  of  reservoirg,  tlie 
higher  fewbng  the  lower  from  its  surplus  i^upply.  Long  slopes 
liave  jRirtiotix  endMUikinl  on  !i  sides,  and  the  ineludetl  space 
fornifb  a  storage  area  for  such  volinne  of  viater  a**  local  wantn 
mil  for/' 

It  i*  not  known  at  what  period  niany  of  the  more  important 
nf  Iheitfuorkn  were  constructed,  although  the  names  given  to 
them  occasituially  afford  a  dew.  Soua*  of  the  larger  tanks  are 
of  vrrv  great  antitpiity^  and  others  have  undoubtedly  existed 
for  centxiricH.  Mmiy  are  also  of  enonnoua  sixe.  In  a  reptirt 
niad«^  in  1H55J  by  Colonel  B*drd  Smith,  of  the  BengJil  Engi»e*'i>, 
it  »  »tJilctl  that  thr  *  Ponairy  Tank""  in  Trichinopoli  hud  an 
rmbaukment  30  miles  in  length,  and  a  probable  area  of  GO  to 
SO  nquare  mile>.  A  reservoir — occurring  in  the  neighlHiuring 
{dmixA  of  Ceyion— is  mmtionLtl  by  Sir  H.  Wotxi  in  a  pajier 
prpM tiled  to  the  Hoval  Asiatic  Society,  having  an  endwinknient 
11  mile«  in  length  ;  and  another  in  which  the  water  of  a  vallty 
i*  rrtained  over  an  area  of  15  scpian*  miles  in  the  rainy  sciwon, 
and  Dot  lewi  thmt  iUrvv  in  the  driest  period. 

The  Viranum  Tank,  still  in  o]K*niti(m  after  a  fabulous  duration, 
hit«  rTitlmnkntent>  IS  mile^  in  length,  al>oul  ^20  feet  high,  uiul 
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an  arert  of  95  square  miles,  stirring  about  100  miiliun  ciibir 
yards  of  water.  It  is  sjupplied  hy  a  caiinl  taketi  from  the  river 
Kttleruii.  ITie  p*eat  Cheaibramlmukam  bink,  14  mile»  from 
Madrris,  iitvn  itn  t'liilianknient  niort.'  than  three  inile^  lun^.  Be- 
fore its  eiilar|E^meiit  by  tlie  British  Govmiment  in  1867,  at  a 
fiist  of  over  i?40,(K)0,  it  hvld  frotu  56  to  78  inillifins  of  cubic 
Vards  of  water,  an<l  had  «ii  area  of  4ti4*<  acre?*,  or  7^  sqtiare 
miles.  Ibi  pre^^ent  capacity  i.s  103  millioiiH  of  cubic  yards»  with 
an  area  of  57S9  acres,  or  nearly  nine  square  miles.  It  irrifjates 
from  9  to  10,000  acres  of  chiefly  rice  cultivation,  anil  it-n  stifcty 
is  secured  hy  six  overflows  or  WA;*te  weirn,  having;  a  total  lenj^h 
of  676  feet.' 

In  tlie  district  of  Guntoor,  tlic  Cummun  tank  embankment 
closes  a  gorge  winch  J.s  little  more  than  300  feet  lon^;  whilst 
the  area  of  the  reservoir  itself  measures  about  eight  square 
^nile^.  The  enilwinkment  is  more  than  100  feet  liij^h,  mmie 
entirely  of  earth,  with  slopes  of  2  to  1^  the  inner  slope  being 
carefuliv  laid  over  with  large  stones.  On  the  river  I^okain^  an 
enil>anknient  no  less  than  117  feet  high  clones  a  gorge  which  i« 
hut  a  little  over  200  feet  iTi  length,  the  liase  of  tlie  earthen 
enihai]kment  measuiX's  400  feet.  The  Nuggar,  ancient  tank  in 
Mysoi-ej  has  an  embankment  1000  feet  long,  a!)out  85  feeb  high, 
and  600  feet  broad  at  its  l>ft.se.  The  margin  of  the  tank 
measures  40  miles  round.  The  *Kaveri  Paiik  Tank'  in  North 
Arcot  is  also  of  very  great  sixe  and  antit|Uitv.  It  U  fed  from 
the  Pallair  river  i  has  embankments  nearly  four  miles  long, 
revetted  along  its  entire  length  with  stone,  aitd  irrigaten  about 
771X)  acres. 

The  folkmrng  interesting  descriptitin  of  one  of  tlicse  large 
ancient  native  tanks,  which  will  afford  a  clear  idea  of  their  eon- 
rttruction,  is  taken  from  a  paper  read  before  the  Institution  of 
Civil  Engineers  in  187^,  by  Mr.  G.  Gordon,  MJ/M^:. 

'  A  good  apecinjen  of  the  tank;*  is  utje  which  the  author  -wu-s 
deputed  to  examine  a  few  years  ago,  with  a  view  to  its  restora- 
tion. A  short  dencription  of  it  will  afibrd  an  i<kvi  both  of  the 
construction  of  ancient  works  and  the  untrmtwi>rthy  nature  tif 
the  data  which  old  works  seem  to  afford  for  the  construetion 
of  new  workf.'  The  tank  is  named  the  Madtkfk  Masur  Tank. 
'This  i^rcat  work  is  lietieved  U>  have  lK*en  cinistructed  imder 
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lh«*  Atiniigoiiiulv  dynasty,  alwut  four  ueiiturif.s  ago.  It  was 
formed  by  an  ciiilwinkiiient  resting  on  the  sides  of  a  narrow 
gof;gc  tlirough  whicli  tin*  river  Cliondy  pissed,  supplementc'd  by 
twn  bundt  or  dnnis,  mi  s^iddles  in  the  raiigo  tif  liilLs;  tlmt  on 
tb«r  nt»t  being  1550  yards,  and  that  on  tUv  west  670  yards 
from  the  main  huruL  Tlic  len^li  nf  the  main  Imrid  is  550 
yjirdA  on  the  top.  The  inside  slope  of  Jii  to  1 — in  «oiue  poiis 
3  to  1 — w*is  revetteil  u  ith  hir^'  stone  up  to  a.  cubie  yard  in 
bulk.  It  fnmi  045  U)  11  (K>  feet  brond  at  the  Ucse,  (ind  is 
now  frun»  91  to  108  feet  Ui^U.  There  was  a  shiiee  under  the 
djun  at  the  east  end,  alx)ut  the  level  of  the  ground. 

*The  dam  is  composed  of  a  strong  red  earthy  with  a  consider- 
able mlinivtun' t>f  f^ravel  taken  from  the  sides  of  the  hills  on 
vkich  it  restfl.  The  east  siipplenient«\)  buttd  has  its  Ixise  74 
Uld  iJmivv  the  sUiiee  in  Hte  nuiin  hnud^  ririd  had  also  a  sluice 
under  it  at  the  ground-loel.  Tlie  we^t  suppleinenbd  bund — 
the  brvnehiuf^  tjf  whieh  destrt^yed  the  tank,  seems  to  have  been 
of  Hiiuilar  eonMruetion  to  the  others,  and  \f>  base  was  perhaps 
30  or  GO  feet  above  the  l>e(l  of  tlie  tank.  There  is  no  trace  of 
anv  waste  weir,  and  it  is  prolmble  tliat  the  want  of  thi?*  was 
the  muse  of  the  ruin  of  the  tank.  On  the  main  bund  there  are 
what  Appt-Jir  to  l>e  traee^  of  the  water  having  to|iped  it,  and 
having  cut  into  the  rear  &Iope  iii  two  deep  gullies.  The  west 
bund  hiul  pmlwhly  a  sluiee  in  it  which  weakened  it,  as  cut 
fttooai  wm*  found  in  the  river  some  way  down. 

'After  this  bund  was  brejuhed,  the  water  cut  into  the  ground 
on  which  it  *Uhh\  to  the  depth  uf  100  feet,  and  would  have 
ouupletcly  cniptieti  the  tjink  hut  for  a  reef  of  rock  some  dis- 
tance from  the  datn  on  thi-  inner  side,  which  now  eau^jes  a 
waterfall  !fo  to  30  feet  in  height,  fuid  retuin^  aliout  10  feet  of 
watrr  in  the  tank.    (>n  this  reef  a  weir  ban  been  built, 

*Froni  the  heights  of  tlie  dains  and  tlae  levels  of  the  sluices, 
it  i»  ptoUidile  tJmt  tlie  deptii  of  the  tank  wua  90  to  95  feet ; 
«nd  at  that  level  its  area  would  have  been  40  square  miles, 
and  it*  content*  rtUmt  1  KH>  million  cubic  yards  of  water.  Tlje 
drainagr  iMsin  is  alamt  .>(K>  stpiare  miles,  and  thive-fourtha  of 
it  Uea  withhi  the  jungly  district  containing  the  spurs  of  the 
Western  Ghats.  It  is  ftKiiid  from  observation  of  the  discharge 
of  the  riviT  thn*  a  g<in(i  .tverage  monsoon  supplv  would  nol 
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exceed  668  million  cubic  yards,  or  16  inches  running  off.  It 
is  not  probable  that  the  average  annual  rainfall,  so  near  the 
Western  Ghats,  has  diminished  so  much,  although  it  may  to 
some  extent,  from  land  having  been  cleared  of  jungle.  The 
difference  between  the  present  supply  and  what  it  must  be 
supposed  to  have  been,  when  the  tank  filled  and  was  breached 
(even  supposing  that  to  have  occurred  in  an  exc^»tional  year), 
is  probably  owing  in  part  to  the  construction  of  small  tanks  on 
some  of  the  feeders.  The  tank  as  proposed  to  be  restored 
would  have  contained  644  million  cubic  yards.  As  regards 
capacity,  this  is  the  largest  reservoir  in  Southern  India  of  which 
the  author  can  find  any  record.^ 


CHAPTER  II 


works  continueiL — UetaiLs  of  Madras  laiiks^ — Cham  syslcm  of  starage 
roerroinr— Coiutructtun  of  native  embank m en t*— Absence  or  insufficieiit 
"H»c  of  wajrtC'weiii  Description  of  native  ailsnguiaz  or  waste*weirs— 
Manner  drawing  water  fmm  the  ftsenoirs — Liuic  slcill  displaye^d*^ 
Functioti  o{  the  larger  tanks— ^Reniajns  of  old  reservoirs— Diminuiion  of 
ivcra^  rainfall — Rivw  feeders— Subsequent  regulation  of  river  feeders  aod 
wa%ie  wetrs  by  Enjjlish  enEincers—Anciem  cuials  in  Upper  India — Feroze 
Sfuh'i  canal  ftoin  the  Jumn^ — Decree  by  the  Emperor  Akliar  ordering 
resioratlun — CoDstniction  of  Delhi  branch  by  Ali  Mutdan  Kh^in — Canal  on 
left  bonk  of  the  Joinna— rrcsent  Easitirn  and  Western  Jumna  cnDflk  con* 
itruded  on  6<'nc™l  lines  of  ibcse  old  works— The  *  l-Iuali  *  canal  in  the  Ban 
Do«b— .Canal  from  the  Sutic}  to  Sirhtnd— Remains  of  old  cnnal  near  Meerut 
-Trace*  of  emlxinkcd  emails  in  the  valley  of  Peshawur — Conclusion  of 
luiive  itrigation-works. 


Thk  p'nemi  principles  of  coiistruttion  adopted  by  tlie  early 
Unk  engineers  of  the  Madras  Presidfnev  may  l>e  g»thtTed 
frtmi  the  innny  thoiiMiiuU  ofoxanijiles  left  by  them.  The  reser- 
^oifb  theniHi*lvtN  are  tjf  all  .si/t's,  and  may  divided  into  several 
clium"*.  In  isome  cases  the  opportunity  i«  taken — as  in  the 
nan  alrendy  tpjoted— tci  close  hv  a  dnm,  or  embankment,  of 
ranadtmble  heijjlit,  snnu'  nnrrow  gorge,  wheiT?  a  river  leaves  a 
na|*e  of  hills,  and  iw  convert  the  valley  above  into  a  deep 
srtifirijil  Inke.  >fnny  of  these  kinds  of  tanks  have  l>een 
bmu-licd  cither  from  negleet,  the  inMiiTicient  or  entire  absence 
Any  prondon  for  esea|»c  of  snrphis  water  in  years  of  nmxi- 
mum  mtnfan,  <»r  in  eonsec|uenee  of  the  water  finding  its  way 
tlirinigli  the  einlmnkntentii,  genemllv  along  the  out.side  of  the 
dbchiirgr  otrtlefc*,  wliieh  art?  invariably  carried  through  the 
hankv  In  otluT  cjis****,  long  and  eomparativelv  low  emlwnk- 
nent*  jur  rnrriwl  for  niilo*  <iver  ijiie  or  more  streams  in  the  fiat 
ODuntry,  thus  fonning  alxive  them  shallow  tank»,  often  of  very 

e  of  a  smaller  kind,  fonnet! 
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the  niifiirnl  slope  of  tlie  eountrv  bv  means  of  einliank- 
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ti>ents  thrown  up  on  three  sides.  Tmiks  of  tlie  lajst  two  kmd» 
Hre  so  numerous  in  some  districtn,  particularly  in  Mys*ore,  a«  to 
give  the  iriea  that  as  jnuch  land  is  iKvupIt'd  hy  thenj  as  it  left 
to  l>e  irrigHled,  and  prohiihK  the  rt-ality  is  not  very  tar  from 
this. 

In  Mysore,  as  well  tvs  in  many  part>.  of  the  Madras  I'rcs^idencv, 
an  ingenious  chain  system  of  st*>ra^c  reservoirs,  of  entirely 
native  origin^  has  been  developed*  invoUing  much  skilful  lay- 
ing-out and  contrivance.  This  system  is  one  adnjirablv  adapted 
for  the  special  oonditions  of  the  hxialitieh  where  it  in  found, 
viz.,  an  exceedingly  scanty  and  precarious  rainfkll,  and  tlie 
consequent  necebs^ity  of  securing  and  saving  every  [>artiele 
of  it, 

A  chain  i^ystem  of  reservoirs  is  laid  out  as  fejllows.  A  hill 
ton-ent  having  a  sufficiently  lengthy  course  h  chosen,  especially 
one  having  several  lateral  feeders.  Beginning  ahn<»st  at  the 
HouiTc,  lK>th  of  the  main  stream  and  of  tlie  several  feixlers,  a 
;*eries  of  embankments  at  lower  and  lower  levels,  is  thrown  ti|> 
acn>sfi  the  valley »  e^K-h  emixuiknient  being  providiti  with  an 
overflow  or  waste-weir.  As  soon  its  the  highest  reservoir  is  fulU 
tlie  overflow  passes  by  the  wcir-channet  into  the  next  reservoir 
Ijelow,  and  this  l>eing  tilleflj  the  overflt)U'  agaiii  |iaKf(es  into  tlie 
third  rcser%oir,  and  so  on  through  the  whole  series,  often  ex- 
tending over  many  miles  of  country.  It  is  obvious  that  this- 
system  requires  a  very  cjireful  adjustment  of  the  size  of  the 
WHstc*weirs,  so  that  they  may  1k^  able  to  carry  ofl'  the  largest 
excess  ijf  water  that  may  enter  the  reservoirs  in  years  uf  ma\i- 
umm  Fainfall,  as  other^'ise  the  whole  series  of  emlmnkment^ 
might  be  sueee^isively  overtopped  and  lireached.  Although 
very  considerable  adaptive  skill  has  l>een  shown  by  native 
engineers  in  the  construction  of  this  class  of  storage  reservoir*, 
there  have  also  liecn  manv  failures,  owing  to  uii^calculation 
in  the  size  a.ssignetl  to  the  several  overflow-weirs,  and  manv  of 
the  systems  still  in  operation  have  been  from  time  to  time 
remodelled  by  KnglisJi  enf{ineers. 

The  emliankments  of  Madras  reservoiis  are  usually  con- 
structed ejitirely  of  earthy  dug  from  the  lied  of  the  intended 
work,  nf  large  and  ijften  excessive  ilimensii*ns.  No  clav  wall  ill 
the  centre,  or  what  is  teclmically  called  a  '  putldle-wall/  i* 
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craplcm-d.  'Hie  earth  in  tbrowu  up  in  thin  layers  troiii  basketi** 
tiie  car>w<l  of  wtirkpetipk-,  iiieii^  wornun,  and  L'hihiren,  walking 
tiierciich  invcr,  both  in  ^0111*5  with  their  loads  and  in  n'tuniing. 
By  this  meanH  »  vm  sulid  and  well  conipautcil  endjmiknjfnt  is 
fannnl.  CTCtiemUy  sj>eakingj  except  in  the  cotnparaUvt'Iy  few 
kiger  examples  hci|^ht  of  the  enibanknitut.s  of  the  Madras 
tnkH  diK%  not  exceed  15  to  ^0  feel,  Most  of  them  have  nn 
(tmcr  blope  of  one  or  two  to  one,  coated  with  a  stone-facing  siet 
b\'  hiuul,  18  inches  or  S  feet  in  thickne-ss,  wliere  stone  is  ahun- 
ilmit.  In  the  abetence  of  ntone  the  inner  slope  is  turfed  only, 
or  protected  bv  an  arrangement  of  pcwis  fonned  into  steps,  the 
object  in  each  ca«*  Iwing  to  pivvent  the  earth  of  the  embank- 
mmt  being  injuretl  by  Hie  ua.sb  of  the  waves  in  iu^b  wintis. 

tn  wtav  cases  there  is  on  the  side  next  to  the  resenuir  a 
OMffiivt*  nuifionrv  watl^  either  (|uite  vertical  or  slightly  inclined. 
Tht9«  walU  an*  buiU  of  s()Uare-?^liaped  drexs^d  stone  on  the  fiu'e, 
cloerly  jointed  and  backed  witJi  r4iugher  masonry  or  c<>ai*se 
coocTete.  At  interval,  bastions  or  projections  occur,  ser\inf;  to 
*tn.*nfctbcri  the  vtdl**  and  tf)  brcuk  uf>  its  otherwise  monotonous 
B^Mitlme.  Fre(|uenlly  iK'twceii  the  ]m.stions  broati  flights  of  step* 
^ifcut  utonie  lead  down  tt>  tlie  water,  enalilin^  tlie  natives  of  the 
place  to  imiUv  or  wash  their  clothes.  Ouc  of  tiK-  most  fruitfid 
MmrRs  of  failure  in  tiie  old  native  tankN  is  the  entire  absence* 
or  insufictent  si/e,  of  the  w  aste-weirx.  or  caUng^ulatt  (a  Taniil 
vofd  luouiing  in  tfiis  conmrtion  *  waste- weirs '').  In  {>rdcr  to 
pcrwnt  danger  to  the  end>ankment  during  exetssive  Hood.-* 
fliomge  UuikK  or  ri'servoiri  are^  or  s]iuuld»  always  Ix.*  provided 
vitfa  A  wa?.te-weir,  or  weirs*  of  snfHeient  width  to  allow  the 
oCMpe  of  all  KurpluK  water  after  the  tank  hii.s  iitk^l.  Sueb  weir^ 
«rr  ifrncniHy  of  mfWHiry,  built  in  the  land  near  one  end  of 
the  mnUuikment.  It  \»  made  so  nmeh  lower  than  the  land  it- 
•vU^  luid  the  t<»p  of  the  eirdmnktnent,  that  any  stijKTabundfint 
vatvr  will  discharge  itself  over  it. 

In  the  old  native  practice,  all  the  skill  displaved  in  caivful 
election  of  site,  and  ingenuity  in  the  construction  of  the  work, 
«K»  very  often  rendered  of  no  avail,  owing  to  want  of  attention 
tn  or  wimi  of  jtxdKeient  knowk-iljfc  of  these  im|K>rtant  iwljuncts, 
<uid  there  are  nunierou'^  e\ani|)le^  of  tine  tanks  breached  and 
iiuufr  O'^!*'^  from  tX)  ntliri'  Ji[j]KirL'nt  cause  tlian  tfie  want  of 
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sufficient  length  of  outlet  for  surplus  waterB,  These  rulhig-tdaji 
ofton  Consist  of  a  rougli  wall  of  masoiirv  at  one  end  of  the 
enilianknient,  returned  n^inst  the  pitdiing  or  easing'  iif  !*toni¥ 
on  the  face  of  the  sIo]k\  At  right  angles  to  this  wall  niiother 
is  built  to  a  heiglit  Komewliut  below  the  level  of  highest  wate 
which  it  h  proposed  to  store  in  the  reservoir,  and  is  airriet! 
level  until  it  nu^ets  the  rising  ground-  On  the  outside  a  rough 
jstone  *  apron  '  or  slojx'  in  thrown.  Along  the  top  of  the 
vaVin^iihi  upright  stones  are  eiveted,  generally  alxjut  3 
or  4  feet  ajmrt,  and  3  or  4  feet  high.  When  the  rainfall 
moderate,  t»r  towardi*  the  end  of  the  rainy  s^-ason,  the  spat'e*' 
Ix^tween  the  stone  posbi  aiv  filletj  in  with  earth,  straw,  aiul 
rubbish,  or  a  elose  wall  of  turf  is  built  up  in  front  of  them  mji 
as  to  retain  more  water  in  the  tiink.  "\Vhen  extra  heavy  rain 
uecurs  this  obstruction  is  removed,  or  the  rising  water  w^ishes  it 
away  and  so  est*H|ies,  In  some  cases  the  surplus  water  is  passetl 
tlirougfi  oriHces  left  at  a  low  level  in  the  wa^te-weir  wall 
itself,  u  hieh  oriHees  can  be  opened  or  closed  by  planks,  or  roughi 
shutters. 

Water  is  invariahlv  drawn  fnan  the  tanks  thnnigh  long 
cidvert^s  of  briek  or  stone  pajssing  through  the  einl)anknientA. 
'iliese  eulverts  are  sometimes  ar«"hed,  but  are  more  generally, 
covered  with  flat  slabs  of  stone.    They  are  usnallv  placed  alwmt 
level  with  the  l)ottoni  of  the  tank.    The  inner  end,  or  head, 
of  the  culvert  projects  somewhat  iK-vond  the  toe  of  the  slope 
and  is  closed  nt  the  extremity,  but  through  tlu^  up])er  side  * 
series  of  liolcs,  seldom  m  nuieh  as  6  inches  in  diameter,  are  cu 
Conicjil  plugs  of  wood  are  made  to  fit  into  these  boles,  whic 
can  be  inserted  or  withdrawn  by  means  of  long  brndum  bandit 
— often,  as  mav  la*  imagined,  an    exceedingly  troublesoni 
operation.    In  some  cases  long  upright  sftoncs  aa*  erected  a  f 
feet  apart  J  having  ertjss  stones  at  intervals,  witfi  holes  of  j>ro|K' 
diameter  cut  in  them  and  placed  so  as  to  come  vertically  ovl* 
the  filuiec  orifices.  Through  these  boles  the  long  iHindxH)  handle 
an*  passed,  serving  to  guiilc  them  whilst  inserting  or  removin 
the  plugs  fixed  at  their  lower  ends.    lu  the  larger  tanks,  closet 
cisterns  having  projecting  steps  are  often  built  at  the  inner  en 
of  the  culvert  passages,  having  plug-holes  at  diJferent  levels,  an 
various  arrangetnerits  for  re<ineing  the  accumulation  of  mud  a 


LRRlGATKfN  WORKS  IN  INDIA 


125 


the  eiitraiict'  to  the  At  the  outer  extremity  of  tht' 

culvert  tlie  water  h  ^■riomlly  discliar^ed  into  a  niasonrv  cistoni 
tritli  rnhv\\  >i<lw,  tlie  wallh  i>f  whxvh  an-  pierced  nitli  holes 
(liffiTi'iil  levebt  thrt>u;f(i  which  the  wiiter  piisses  to  bnuieh  elian- 
ticLs  '^tul  i»  carried  to  the  fields  at  various  elevatiouA. 

From  wnnt  of  iiccurate  kiiowledf^e,  tlic  arcji  of  the  dtsehurge 
orifice*  frtHiiR-jitly  eitlier  uiiieh  to<i  siiiaU  or  too  large  for  the 
frqmrrnirnU  of  the  irrigation,  and  but  tittle  skill  shoun  in 
adapting  the  si/e  of  tlie  o|>enings  to  the  head  of  water  and 
tatm  of  the  lantis  to  Ik?  eiiltivated.  Tfie  Inrger  class  of 
ftorage-lanks  irrigate  directly  only  a  limited  area  of  land  ;  their 
work  i»  to  store  U]i  n  large  hody  of  Hood-water  which  would 
oUMinri&e  run  to  waste,  ami  let  it  down  tlie  ri\er  diaiinel  Ix-low 
Use  entlMuiknietit  as  required.  From  the  river,  over  lon^ 
the  water  is  dmwii  off  by  irrigation  canals  leading  to 
di»trihuttn^  ehuunels«  or  into  other  storage-tanks, 
Tht  Mnallrr  class  of  tauksi  usually  irnjfjtte  a  given  area  directly, 
'nuing  clo?»e  under  the  tank  itself.  In  some  eases,  as  already 
tiuiied,  the  water  is  interceptetl  by  a  sm*ei^'^iori  of  tanks 
At  lower  and  K>wer  levels,  each  of  wliich  eatches  the  surplus 
dfmhui^'fronithctieldsalMneit,  so  that  little  is  ultimately  lost. 

Besides  the  etiormoux  nunilier  of  tankjs  of  all  kinds  actually 
in  tfc«t%  Uw  i«>uthenj  etiuntry  is  eoveretl  witli  the  remains  of  old 
'oirs,  which  fnnn  one  crtu^e  or  another  have  been  al>andoncd. 
Mime  cases  the  embankments  are  intact,  but  no  water  is 
«Uowrd  to  collect,  the  ori^final  Ixittoiu  of  the  old  tank  having 
fertiUneil  by  the  silt  deposited  that  it  has  Ijecome  more 
>le  to  utilise  the  area  for  cultivation,  than  to  employ  the 
Induced  volume  of  water  that  would  now  he  impounded  to 
irri^ti*  the  laml*  U4nw.  There  appean^  to  lie  little  doubt 
that  tin.*  avera^>  rainfall  in  many  districts  is  at  present  le^  than 
It  WW  in  former  times,  ^*i>  that  in  mme  eaftes  the  old  tanks* 
would  never  fill»  or  the  supply  would  Ite  so  reduced  to  pre- 
*ncDt  Any  large  area  In-in;;  irri^atcil.  Along  the  foot  of  tlie 
&ut4Tn  GliiitA  numeriKis  instances  are  met  with  wla-re  both  the 
hpdft  of  tlic  fornuT  buiks,  and  the  fonnerlj  irrigateil  liuul  IxOow 
tliwn,  lirtve  botli  n*verteii  to  jungle.^ 

imHi  I'/  Prwt»iimg$,  tmsU  cf  CivH  Mngiatfrs^  vol.  xsxiu.  sc&siun 
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In  the  old  iiativr  jirju'tk'e  largo  tanks,  in  aclcUtioa  fco  th 
rainfritl  on  their  own  catchment*i,  woit?  fed  M'hwver  pnicticuhli* 
by  H  channi'I  cut  froni  some  ni'i^lilH>itriiijj'  river.    'Hie  rhnnnrU 
were  seldom  prt»vided  witi*  anv  pcrniaiicnt  arraii^'mentii  at  the 
head  for  L-ontroHiri^  the  entry  uf  water;  eonseijitentiv,  if  ROine 
evtraordinary  fall  of  rHiu  oeeiirred,  either  the  tanks  Klled  very 
riijtidly,  or  if  thev  hapjK'iieil  to  bv  nhx'ndy  fidl,  the  wa-Hte-wein* 
were  (jiJtte  inea|mhle  of  earrving  t>tt'  the  sudden  and  violent 
influx  of  water,  and  so  the  ivstTvoir  embankments  would  Ik? 
toppetl  and  breached.    One  of  tfie  ehief  works  first  earrietl  out 
by  English  en^neers  in  jMadpu*^  was  the  reg:ulation  of  the  volume 
of  water  allowed  to  enter  the  tank?>  Ihrou^fi  ri \ er-feeders,  by 
placing  suitable  eoutrolling  work*  at  their  heads,  and  carrvinjG[ 
out  the  neeehsarv  allerationh  in  tlie  tHineni^ions  of  the  wajrfe- 
weirs,  so  as  to  enable  them  to  perform  the  lieaviest  duty  likek 
to  lie  iniptjjwd  u^wii  Hiein,    During  the  la^t  thirty  years  cuui- 
siderable  iniprovenientH  ;\ui\ eidarn^-nients  of  many  of  the  ancient 
tanks  in  the  southern  portion  of  India  have  !wen  effected  under 
the  HHtish  Government. 

Under  the  rule  of  the  Molmininedan  sultans  and  en)peron>. 
especially  in  the  Delhi  districts  attention  was  from  time  to 
time  directed  to  the  construction  of  canals^  either  for  irrijjatioii 
or  for  the  puqwise  of  sopplyinf^  the  wants  of  Urge  citie«iand  the 
fountains  and  baths  of  the  iiiiperial  palaces.  ElpluiLstone 
remarks  that  the  rei^  of  the  Sidtwi  Feroze  Shah  wan  ^'dUtin- 
guMieil  l»v  the  enlightened  spirit  of  his  ivgulation;*,  and  the 
utility  and  extent  of  hi^  public  works.^  Tliose  tluit  still  remain 
afford  evidence  of  the  niagnitude  of  some  of  hi»  undertakiiigH. 
The  most  considerable  of  his  irrigatiim  workt*  was  a  canal  th«t 
was  ojwni'd  about  the  middle  of  the  ftmrtx^nth  century  B.t. 
*  Between  the  years  1351  and  lii88,  Kinpeixjr  Fero/e  Shah 
(Tughlak)  drew*  a  canal  from  the  Juiima  to  water  his  favourite 
huntin)?-ground  at  llissar,  but  there  are  no  signs  of  wtn-Ln  of 
irri^tion  along  the  bne  of  his  canal,  which  fell  into  diMiisc  at 
his  deatli.  Tlie  present  Hansi  brancli  of  the  western  Jumna 
canal  followfs  the  line  of  Fero^ce  Shah'ji  engineer,  and  the  ptLstoru) 
villages  at  llissar  are  entirely  dependent  on  it  for  the  means  of 
watering  their  cattle.  At  llissar  a  travelletl  wmrtier  of  F"eroJEie 
Shall  crt^ted  a  building  to  give  Ids  master  an  idea  of  u  »lttf) 
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\Juiutz),  it  In  iiow  (or  Mtv^)  UM'd  as  a  store-house  for  the  canal, 
for  which  purpost*  its  uinple  "  hold renders  it  very  suitable/ 
'For  ane  huTiilri'd  venrs  no  wiiter  hmi  floived  to  Hissar,  when 
in  1.V58  the  Kinjieror  Aklwir  issued  a  decree  orderintr  the  canal 
uf  FertJ/e  ti)  l)e  restored/  ^ 

In  the  Jounml  ftf  the  Amutk  Soriettj  for  March  So. 
clxxi..  Lieutenant  Vule  |>uldi;>hed  the  'Canal  Att '  of  the 
Emprrwr  Akliar,  with  some  notes  and  remarits  on  the  history 
«f  the  western  Jumna  ciiTials.    A  eojiy  of  the  Sftuad  of  Akhar 
Shah  Hadnhali,  dated  Shamal,  a,u,  978  (a,d,  1568),  is  thea' 
l^rai,  and  it  is  i>elieved  to  be  autfieutie.    After  mentioning  the 
^brlier  work  of  Fero/e  Shah  in  1351,  Akhar  ^Vf*,  '  Now  that  I 
^^kre  given  the  distriet  (mtrkar)  i>f  Hissar  to  the  great,  the 
ibrtuiMt^v  the  oln-dient,  the  pearl  of  the  sea  of  my  kingdom* 
Ihr  star  i»f  nw  tfoverntnent,  tlie  j)rai>ed  of  the  inhaliitants  of  the 
*ea  and  Inml,  tht-  npple  of  my  kin^fdoin's  eye,  my  son  Sultan 
Mahomed  Selini  Itnhadur  (may  God  ^ant  him  long  life  and 
grrRt>H*Nn),  uiv  wisdom  wislien  that  the  lio|ies,  tike  the  frelds  of 
thoBe  lhir>-ly  ja-ople,  may,  by  the  showers  of  lila*rality  and 
kindness,  l»e  niafle  ^\'n  and  flourisliinj^,  and  that  the  canal 
MMH^Id  my  time  Ik*  renewed,  uud  that  by  eonduetintr  other 
H^PHB  into  it,  it  Titav  endure  for  a^es.    For  God  has  said,  fnan 
vstcr  all  tiling  wertf  made.    I  eoii?iec|ueiitIy  ordain  that  this 
jtingSp,  in  which  >*ubsistenee  is  obtained  with  thirsty  may  ^H' 
converted  into  a  plaee  of  eomfort  free  from  all  evil/ 

Thr  Santui  reeonU  how  Aklwir  ordered  the  eanal  to  be 
'excATAted  deej>er  and  wider  than  foniierly/  anil  that  *  on  l>oth 
adtv  of  Ihe  «um!  down  to  ilissar  trees  of  every  deMTiption, 
both  for  -diade  and  ])1onsou),  Iw  planted,  so  as  to  make  it  like 
the  cmnal  utuler  tlie  tree  in  I'aradthe/  and  adds,  *  vrery  pnr^nah 
will  be  «ati?^fied  with  thi'  number  of  eiib>  made  by  Mirab  (the 
oipcrinlcndent  of  the  canal),  and  take  no  niore^  *  .  ,  He  has 
pavrr  to  puninh  as  he  mhts  lit  e^ery  one  who  tjikes  water  out  of 

AIxMit  the  year  Ali  iMardaii  Khan— a  noble  of  the 

court  of  Shah  Jehjm,  aetin^  as  his  engineer— constructed  a 
lirmneh  from  thi!»  older  line  of  canal  to  Delhi^  fir^t  by  way  of 
GohftHA,  msid  afterwarib,  on  t^i&t  failing,  by  the  present  channel 
*  FatUuKntary  Papa,  vitie  nute,  p.  3. 
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pasj^ing  near  Paniput  and  Sonepiit.  The  low  ground  near  the 
city  of  Delhi,  through  wliich  tiie  suq>lus  water  of  the  Nii/.u(TJ^r 
swjimp  esciipes  to  tlie  Juniiia^was  crossttl  hva  nuissive  aipieduct 
of  iiirtiionry.  On  arrival  at  the  foot  of  the  rocVy  hillt  which 
skirt  two  sides  of  the  city  the  canal  Hanks  them  for  a  short 
distanfe,  and  then  piisses  through  them  by  a  IxWd  vock  exaivii- 
tion  sixty  feet  deep  at  tlie  erer^t,  a  work  that  must  have  entniled 
immetisf  hdx>ur.  It  then  f  nt*-'rs  tlie  city  near  the  Cahutl  Gate, 
An  outlet  from  the  right  bank  within  the  tity  supplies  a.-^maJI 
masonry  channel  which  flows  through  the  cetitre  of  the  *  Chan- 
dni  Chtiwk'— or  siher  street— partly  open  and  partly  coverKd 
in.  The  nmin  canal  paiities  through  several  streets  and  arrives 
at  the  Neguinbod  aqueduct,  throwing  off  nmny  mmor  streamis 
and  carrying  a  plentiful  supply  of  water  to  the  |mlace  hatlis 
and  garden:*,  Thtnce  the  surplus  water*  after  working  some 
Kour-niilla,  passei;^  into  tJie  Jumna.  Ttie  Ncgund>od  aqueduct 
is  a  iine  mass  of  masonry,  carrying  the  canal  above  the  level  of 
the  house-tops.*  For  150  yeai'w  this  canal  continued  to  l)e 
efficient,  but  in  1T53  the  Delhi  branch  cea.sed  to  flow,  Ali 
Murdan  Khan  also  constructed  a  canal  on  the  left  buik  of  the 
Junirja.  It  pa8.sed  for  part  of  its  course  exactly  on  the  ritlge 
betwc>en  the  riyera  Junma  and  Hindun^  mid  thius  afforded  fadJi- 
ties  for  irrigatioji  hot]^  to  the  eastwards*  and  to  the  westwards 
of  itj>  course.  The  bed  of  tliiii  cantd  having  beeri  formed  on  tJie 
natural  slope  of  the  country  its  fall  was  excessivt,  amountin|^ 
to  feet  in  a  distance  of  150  miles.  This,  togetlier  with 
the  difficulty  of  maintaining  a  passage  acrosiSt  the  niounUiiu 
torrenti>  near  the  head,  cau>sed  it  to  Ik^  abandoned  i>oon  after  its 
construction  in  16S8.  Both  the  prt^sent  ettatern  and  western 
Jumna  cAimU  have  been  cunstructed  along  Uie  general  litn-s  of 
these  old  native  works, 

LTnder  the  Emperor  SIuili  Jchan  a  small  pcrniamnih  c*uial 
was  also  constructed  in  IGSG^  in  the  Uari  l)t»ub.  *  It.  wji?,  called 
the  Husli  canal,  and  was  designetl  not  for  irrigation,  but  to 
fiujiply  fountainH  at  tlie  royal  gardens  of  I^liore.  When  the 
Siklis  acquired  tlie  sovereignty  they  led  a  branch  to  Amritnar, 
to  supply  th*;  sacred  tank  at  that  town.    The  canal  followed 

'  K*(/r' Public  Wofks  in  (lie  Bcn^*»]  Presidency,' voU  xvu,  /VwAnriS^pr 
Jitst.  ^/  Civii  Suginrcrs, 
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tlie  riaturjjJ  Htic  of  rimiimgi'  hy  t\  tortuouii  cuurx'  i*t"  lU)  inilies, 
uid  piuH'tl  through  low  groinul,  wliich  !mst  requimi  irriga- 
tion.^ 

During  the  (irst  surveys  iiiiuie  over  the  ilihtriets  Ivin^lwtween 
tW  Junina  and  Sutlcj  rivers— now  watered  by  tlie  Sirhiiad 
Oiptniii  (aflt'[-wards  General  Sir  W.  K.)  Baker  mentions 
lui  old  Uiitivi*  cniiu]  supjuiscd  to  have  l>ecii  cxca^'uted  hy  tlie 
Soutja  of  Sirliind  early  in  the  century.    Thisi  uitial  was  drawn 
from  the*  Sutlej  a  few  ujilen  alKivt*  Uie  iowx-i  of  KitjMir^  and  wan, 
led  from  theuee  into  the  lower  f^rtiuiid  near  the  aiident  eity  of 
Siriiind  aft«?r  a  course  of  forty-one  mWea.    SJiortly  after  its 
utruction  it  appearn  to  have  heen  almncloned.  havin^j  pro- 
blv  lieeii  ri'uderttl  useli'ss  bv  a  change  iis  tlie  eoiir^c  of  the 
river  at  its  heatl,  and  no  xulMecpicnt  attempt  &eems  to  have 
'  ■  to  remodel  it. 
I  of  the  districts  now  watered  by  tlie  Gan^i;es  eamd, 

Ssir  l*roby  Caotley*  makes  mention  of  an  old  canal  constructed 
hj  one  Mahotnefl  Abcio  Khan,  beUm^ng  to  a  y)ennd  anterior 
to  Uiat  tif  Ih  itiiih  rule  in  tJie  country.  Thi^  canal,  the  renuuTis 
*  which  still  exist  in  the  neighbourlKK>d  of  Meerut,  'eonsisted 
of  a  cut  maile  from  llie  Wewt  Kali  Nad i,  near  the  vilhigc  of 
il«in|MM>r,  to  tfie  Uvml  of  a  small  tributary  U*  the  East  Kali 
Nadt,  called  the  Khodara  Nulla,  which  n8e»  near  the  vUltige  of 
Deoraia.  The  len^lh  of  this  cut  did  not  exceed  twelve  and  a 
hftlf  miles  and  it«  dimensions^  jud*^ing  from  thee\i>Ljng  hoLiuw\ 
could  not  liave  exceeded  fifteen  feet  in  width.  The  water, 
aftrr  rvaching  Dtmndji,  nui.st  liave  passed  do\«^  the  Khodara 
Nulla  to  the  town  of  ^Mi-enit,  in  the  neigh lM>orhood  of  \\hieh 
are  many  gwves  antl  pmleiis,  and  it  is  su[)pi>Hed  that  it  was  for 
tl.  I  "  i>^r  of  Kujiplyin;;  water  to  these  that  tiie  canal  was 
iM  ^  t'^*i*^**'*tetl.  .  .  .  The  canal  wa>  merely  excavated  to 

a  frv  fret  in  deptlu  find  the  water  was  KUjiplied  frcnn  a  lake 
formed  by  throwing  aji  endmnkment  acmss  the  l>ed  of  the  West 
Kali  Niuti.  'Hie  (hN>diu^  of  the  valley  hy  this  relention  must 
have  done  cxtnumlitmry  damage  to  tiie  properties  within  its 
linritv;  the  amount  of  money  and  Inbonr  expended  on  an 
onhuikinent  of  |>roportions  ^^ntfieient  to  gaiik  the  engineers* 

'  I^liawrnrary  l*»per,  vuJ^  note.  p.  8, 
■  TV  Gamgtt  Cnnai,  Sti  Prob)-  Caulley. 
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obj ect,  must  have  been  very  great ;  and  the  necessity  for  an  annual 
reconstruction  of  a  work  which  was  inevitably  destroyed  during 
the  rain-floods,  and  the  certainty  that  water  could  only  have 
reached  the  mouth  of  the  canal  during  the  dry  months  of  the 
year,  are  facts  which  reasonably  lead  us  to  conclude  that  no 
great  benefit  was  ever  derived  by  the  cultivators  on  the  high 
lands  in  its  vicinity/ 

In  the  valley  of  Peshawar  traces  and  remains  of  an  embanked 
canal  drawn  from  the  Swat  River,  of  a  probably  early  date, 
have  been  found,  but  whether  the  channel  was  ever  used  for 
irrigation  there  is  no  record.  The  hill-torrents  may  possibly 
have  carried  away  its  principal  features,  and  no  doubt  this  has 
often  been  the  case  with  many  old  native  worics,  traces  of  which 
are  found  in  many  parts  of  the  Punjab  and  North-west  Pro- 
vinces. 

The  number  and  extent  of  the  irrigation  works  of  nearly  all 
classes  carried  out  over  the  length  and  breadth  of  India  by 
native  engineers,  in  many  cases  long  anterior  to  the  rise  of 
British  rule  in  the  country,  it  will  thus  be  seen,  is  very  great. 
English  engineers  have  to  a  large  extent  adopted  and  im- 
proved the  systems  they  found  already  in  operation,  with  the 
exception  of  the  great  Delta  schemes  of  irrigation  on  the  east 
coast,  and  the  magnificent  Doab  perennial  canals  in  the  north, 
which  are  new  classes  of  works  of  entirely  English  origination, 
the  conception  and  execution  of  which,  dependent  on  a  higher 
degree  of  scientific  attainments,  were  no  doubt  beyond  the 
ability  of  the  earlier  native  engineers. 
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of  modern  canal  construction — Qnsses  of  canals-— Irrigalion 
ind  navn^alion:  often  combined  in  India — Main  body  of  canal — Source 
'if  wpply— '  DcMib '  canals— WidlhSt  dcplhs,  and  sIoj>e6— Wprks  ai  head  of 
l^nninrnl  csMaols — Dams  And  weits— Scouring  sluices — rrolection  woiUft 
— A'jueJucU  *nd  fiavsagc  of  rivers — Service  bridges- — Over-falls,  locks,, 
ocapc-wetri  and  drainage— Observations  on  projiosed  sketch  of  mmkra 
csdaI  systems  in  India-^UnfatniUar  character  of  irrigaiioti  works  lo  the 
Kcncn]  public — Punjab  irrigation — Wcitem  Jutnna  canals — Bati  Doab 
Ciftai — Sirfaind  i;ana.l9 — Swit  River  Canal — Chenab  Canal  —  [nutidation 
doali — Sidbnai — Minor  inyndation  canals —Oenera]  resuhs  of  Punjab 
^  inii^fian. 

jiToceoding  to  place  befori'  tht?  reader  an  outline  skotch 
of  Uh*  iiKxlerii  irri'^ation  works  of  India,  carriefl  out  by  the 
direct  «r  imliret't  j^^eiu'v  of  thf  British  Goveniniont  within  the 
fiTiMTit  century,  h  few  words  on  the  ninin  leading  features  of 
cauftt  i-orvstniction,  nnd  the  |wrticuljir  elasses  of  engiiiei'ring 
"ork>t  v-tUi  w  hieh  emtal  engineers  have  to  tleal,  are  neet^sary  in 
"nivr  llmt  tht-  unjiroft'ssionnl  reaclu'r  may  l>e  enahltHl  intelli- 
f^ily  to  follow  the  necesvarily  very  condensed  lU-count  of  such 
'nrk.%in  the  folhiwing  pagt^. 
Tlim-  nn.*,  then,  tw(»  pnnmry  t'lassits  of  eanids,  viz.,  eanaK 
irri^tion  and  for  naviLFfition.    Obviously  it  is  neces.iair\ 
t^at  the  fnnner  chtss  shoeiUl  1h*  tnmle  so  as  to  flow  with  a  regtdar 
and  that  tht*%  should  Ik*  ft'd  by  Mjnu'  eontiniious  stmrce 
■trio  make  iiji  for  that  mnsunied  in  irrigiitioii.  'Hiey 
^tKjId  hIjso  be  so  Ux'ntt'd  as  to  traverse  as  high  groutid  as 
ihlo,  in  onJer  that  the  wfxtiT<trawu  from  thfiu  may  conmiand 
irrigttte  a  largt*nrt*a  of  tanti,  eitlier  on  one,  or  hotter  sHll^oii 
^■>lh  odcft  of  theia.    (In  the  otlier  hand,  navigation  eanals  nre, 
rule,  belter  {(K-atwl  at  a  low  level,  with  hardiv  aiiv  current, 
^  tliat  IvHtt^  niJiv  joitrru'v  u  i>h  i'<]nal  ftu'ility  eitlier  up  or  tloun 
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— unless^  indeed,  it  hap|jeiis  from  special  circunistaiice^s  tlint  nil, 
or  nearly  all,  of  tlie  traffic  is  in  the  cliivctiou  of  the  current 
only.  It  is,  howi'vtT,  often  neot'ssarv  "r  (k-simble  to  comhitif 
irrigntion  *uul  urtvi^ation  in  one  and  thf  s*nne  eanal,  in  which 
case  the  current  is  kept  as  low  as  may  Ix*  consistent  with  the 
wants  of  the  irrigation.  Combined  irrifjation  anti  navjt^atioti 
cjinals  have  l>eeii  verv  Inr^-lv  constrncted  in  India,  chieJiy  for 
economical  reasons. 

Hie  main  bodv  of  u  c^inal  eonsihts  of  an  artificial  water 
channel  excavated  v^  hcdly  in  the  soil,  or  carried  by  means  of 
entire  or  partial  embankment^  at  the  ret|niR'd  level,  aliow  thtr 
surface  of  the  district  traversed,  Tlie  w^iurce  of  supply  is  usually 
some  great  rivtr  having  a  cimtinuous  and  ample  How  of  water. 
Nearly  all  the  great  rivers  of  India,  owing  to  the  heavy  deposit 
of  silt  from  their  watei*s,  run  on  bed's  elevated  somewhat  aljove 
the  level  of  the  immPLliately  adjoining  strip  of  country  on  eitlji-r 
Hule  of  tlrenu  In  iip|>er  India  tliis  strip  of  lowlunti,  which  fomih 
the  valley  of  the  river,  and  marks  the  general  liinitHof  tlie  flood- 
deviations  from  aide  to  side,  is  called  the  *  Khadir.'  The  higher 
tttble-huul  lying  between  two  more  or  less  pandlel  river  valley?* 
along  the  wliole  extent  of  their  course,  is  calJc*!  the  *  Dnab  * 
or  interfluvial  tract — from  cU)  (two),  and  ab  (water)  — 
between  two  waters. 

It  is  clear  that  an  irrigation  caiialj  to  be  any  extended  iim*, 
should  l>e  cari'ietl  along  the  highest  ridge  of  the  *  Doab  '  tract, 
and  that  a  shtirt  cut  from  the  nearest  part  of  the  river  would 
only  lead  the  wati^r  into  a  more  or  less  deep  cutting,  from  which 
it  woidd  have  to  be  lifted  out  by  pumps  or  otherwise.  Hence 
tocom?jmml  the  Doftl> — that  is,  to  be  aljove  it,  and  to  cttntrol  it, 
the  canal  must  obviously  be  tlniwn  off  at  some  convenient  point 
on  the  river^  situated  high  up  nn  it^  channel,  at  an  elevation 
sufficiently  great  to  admit  of  the  water  being  led  di^wn  bv 
meaiTs  of  the  camd,  and  i\t  a  reasonable  expensL\  to  the  d4»'^irpd 
level  of  the  Doab  table-land. 

The  relative  widths,  depths,  and  bed-slopes  gi^t'u  to  <^analA 
ivill  I'ary,  within  limits*  according  to  spt^ial  circam^itanceA,  hut 
will  primarily  depend  on  the  quantity  of  Mater  to  In?  carried, 
the  nature  of  the  soil,  and  the  ncL'essitv  or  otherwi^ie  uf  provid- 
ing for  navigation.    If  the  bed-slope  given  m  Uxy  ga-at,  thr 
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bottom  mnd  »ul<*s  of  the  canal  uiay  be  torn  up,  or  greatly  worn; 
all  foundations  of  tiridjjes  or  other  works  along  the  »uml  will 
be  erMijin^jertil,  ami  iirtvi^tion  j^piimt  the  current  will  1k^ 
impcks>iHU',  or  diJlii-ult.  If  the  Aslope  is  vcrj  little,  n  larger  canrtl 
will  be  required  to  earry  the  inten<ied  quaiitity  of  water;  there 
•■ill  also  Ik*  dniigtT  of  a  rapid  doposit  of  silt  and  ^ow'th  of 
aquatic  plants  which  iiuiv  choke  up  the  clmnnel,  whilst  the 
cxpfiijte  of  luaiiv  oildi  tional  works,  siicli  an  overfalls  or  locks,  will 
ha\T  to  Ix*  incurred.  It  is  necessarVi  therefore,  tlmt  n  nice 
Ailjibttment  Ik-  made  in  each  case^  according  to  a  eontinuallv 
TRr\'in^  set  of  cirennistiinces  and  conditions;  Mie  ultinmte  snecess 
or  failure  of  the  canaK,  Ijoth  con>itnictionaIly  and  coinmcrciallv, 
bring  entirely  dependent  on  the  care  taken  in  these  particulani. 

'llic  hcAvie!*t  work*  in  connectioti  witli  cAnnls  are  nsimlly  at 
ar  rienr  their  hea<ts  and  at  tlnjse  places  where  the  rivers  of 
the  wtintry,  which  cross  the  inti^iidL^d  line  of  eanjd,  have  to  be 
disponCHl  of.  'I'he  W4>rks  at  the  liead  <)f  pcmiancnt  canals  most 
commonly  consist  of  nutsonry  dams  or  weirs  across  the  j^upply- 
rirer  for  holding  up  the  water  in  a  p<>nd  or  ptwl  above  them, 
and  A  *  regidat<>r*  or  set  of  movable  sluicch  across  the  mouth 
«if  the  caiial,  which  is  dravn  off  f'roni  thi'  jkjoI,  hy  nieanN  of 
whirb  water  can  Ik-  admitted  into  tlie  canal  or  shut  out. 

Dani^,  wIkmi  thev  are  maiic  solid,  are  g^'nt-rally  calletl  *■  wfirs.* 
True  datuH  are  providetl  willi  a  n-gnlar  series  of  pirrs  and  open- 
ing in  thrirccntrid  j>*jrtion!*,  the  latter  capable  of  iK'ing  wholly 
or  partiallv  closv<h  Solid  wrirs  reipiire  to  Ih'  providtnl  Mith 
ahiicrft  tittetl  at  a  low  level  to  keep  up  a  scour,  and  prevent  tin- 
aecunnibition  of  depoAit  in  front  of  the  canal  regulators  situated 
abovF  them.  F{»r  projXTlv  etht'ting  this  purpose  they  are 
umially  built  in  that  part  of  tlie  weir  ncarejit  to  the  canal  head. 
Id  long  wi"ir*(  one  t>r  more  line*  of  scouring  shiices  are  sometini(*s 
pr  '   11  the  middle  jM)rtions  of  t[ie  weirs, 

i  .  .  r.tr  works  lo  prevent  the  extremities  of  a  weir  or  dam 
firom  being  turned  bv  the  river  wIicti  in  flo4xi,  Huch  m  massive 
and  lengthy  revetment -walls,  wing-walls,  ami  enihnnkments, 
arr  vcrv  freipientlv  retiuired,  enpivially  where  the  ri^er  Iwuiks 
miT  law,  Aft  well  ha  protection  emlwinktnents  and  training  works 
to  prrrmt  the  adjoining  lainls  hvin**  flimded*  and  to  keep  the 
n\tT  tu  a  tixcnl  couph'. 
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AfttT  the  cahaI  has  left  its  supply  river,  tJit*  uest  difficulties 
t'licounteml  are  gtwrallv  in  coiinwtioii  vrith  the  natural  water- 
courses of  the  country  uhicli  intorsect  its  alignment.  Soine- 
tiiiit?K  thi?  canal  is  uurietl  ovt-r  tUest'  wHter-cournes — or  it  inay 
he  witlt'  rivers — by  nii?an.s  iif  mon.'  (»r  less  long  and  cluvated 
tu|Ufducts;  some  of  uliicli  nmy  Im*  of  very  ^jrcat  size.  S<mio- 
times  it  is  passed  under  the  rivers  by  a  syphon  aquedijct.  At 
other  timers  the  river  itself  is  airried  by  a  bridge  or  '  su|K?r- 
jjassage"  ovei%  or  is  an^hrtnctl  under  the  canal ;  or  if  this  cannot 
Ik'  done,  the  river  is  made  to  cniss  the  canal  on  n  level,  the  two 
waters  being  allowetl  to  mingle  together*  In  tliis  case  special 
works  are  provided  to  eontml  the  movement  of  the  coiidiined 
water,  and  direct  it  as  required. 

In  I^ppLT  India  the  first  portion  of  mtwt  of  the  Inr/^er  conalti, 
derived  from  the  Himalayan  rivers  near  the  point  *)!'  their  exit 
from  the  hills,  have  to  cross — whilst  traver&ing  the  low 
'Khadii'"*  or  valley  laud — in  one  or  other  of  the  above  wa^"s, 
iiiany  rapids  and  when  in  flot)d,  violent  mountain  torrents: 
but  when  once  the  canalb  reach  tlie  level  of  the  Doab  table- 
land, their  course  hencfforwurd  lies  generally  on  a  ridge 
lietween  the  principal  rivers,  and  they  encounter  few  seriuuift 
obstructions.  In  proportion  to  the  activity  and  popnlatioi)  of 
the  districts  traversed,  canals  have  to  Ik*  provideti  with  a 
^i^reater  or  less  numlier  of  service  bridges,  or  otiier  means  of 
passage  from  bank  to  bank ;  these  crossings  are  often  necessary 
at  very  frequent  intervals,  anil  form  no  inconsiderable  item  in 
the  total  cost  of  the  irrigation. 

In  the  upper  p<irts  of  Doab  canals  esjieciuUy,  w  here  the  j^lopi* 
of  the  tmtural  ground  is  very  much  greater  than  it  would  be 
proper  ipr  possible  to  give  to  the  canal  lK*ds,  and  wliere  the 
width  and  depth  of  the  canals  ia  at  a  niaxininm,  arrangeincnbi 
ha\e  to  be  made  to  compensate  for  the  excessive  slope.  'Hiis  is 
done  l>v  Ifl-Vi^^g  out  the  l)ed  r»f  the  canal  in  a  si-ries  of  xUjm, 
The  points  where  the  Ik'cI  is  let  down  from  a  higlier  to  a  lower 
level  are  called  'falls'  or  'overialls/  and  it  is  evident  thai 
>uch  falls  must  \yc  constructed  of  masonry,  or  other  durable 
material  strong  enough  to  withstand  the  wearing  action  iif  tlie 
water.  Often  for  reasons  of  economy,  or  on  otlier  grounds,  the 
position  of  a  "falT  is  made  to  coincide  with  sotia-  bridge, 
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buper-poMagCy  or  other  iit^cessary  work.  OvurfullA  titv  made  in 
H  vjirietv  of  ways  ;  wmietimes  tliey  are  vertic4il,antinrcprovi(lcil 
•ith  grating  ftrmnj^otl  like  the  tet'th  of  a  C4Jm!>,  to  break  tin* 
forct'  of  IIk'  water,  aiul  with  cisterns  to  act  us  watcr-cusliu>ns 
Ivlow  tbctn,  or  tlicy  are  nmdo  in  a  curved  or  '  ogce^  form,  Mt 
Aft  to  ilclivtr  the  Hater  at  tin*  hmvr  k-vcl  with  as  Mttle  violenct' 
V  po**ibU\  Tht^sc  works  on  some  catmts  art*  oltfii  of  con- 
siderable nmguitude  and  cost.  I*ocks,  esca|3i?  -  weire,  and 
cluinnrls  f(»r  discharge  of  sur^ilos  waters  are  aiso  fre<|uentlv 
ivi|uirtii,  aw  well  as  extensive  drainage  works  iit  some  instances, 
t"  |>n'M*nt  the  atl joining  country  Iwing  made  jiwainpy  and 
utduTvllhy, 

Such  are  some  of  the  chief  classes  of  construction  met  with 
un  irrigiition  and  navigation  eanids.  In  the  outlint.'  sketch  of 
the  rariou8  canal  systems  of  India  which  follows^  it  is  obvious 
that  conHideratiiiiLs  of  space  w'iil  not  permit  a  detaikil  notkv 
af  mon:  Uwn  a  few  individual  works;  but  tlie  Rwler  will  now 
be  in  a  po«»ition  to  folli>w  juul  nndersland  the  general  references 
nuulc  to  iUvM.'  works  wfjicli  Ije  will  navt  with.  Our  task  in  the 
fii>llowing  pages  is  to  convey  to  the  reader,  in  the  smallest  pos- 
wiblr  coni|>nxM»  a  dear  idea  of  the  verv  great  mass  and  value  of 
the  irrigatioit  workn  of  India,  which  have  been  carried  uiit  up 
the  jin-seiit  time  by  tlie  British  Go^'e^nnent.  I'uhappilv 
r  our  pnq>oses,  irrigation  works  nre  almost  ct:mijjletelv  out- 
siJe  the  knowledge  and  acL|uaintauee  of  the  general  publk-. 
Unlike  the  line  works  constructoti  all  tivcr  t]»e  coutitry  in  con- 
nection with  railways,  for  insbmtv;  the  magnitude  and  utility 
of  itttich  in  course  of  time  and  travel,  have  become  more  or  less 
liliAr  to  the  eye  /oul  knowledge  of  thou^umds,  tlie  splendid 
Pi  of  engintvring  coiifitnictions  executed  for  Uie  pm- 
eontrttl,  mid  <listnbution  of  the  huge  volumes  of  water 
m)  In  red  to  fertili>*'  the  evcr-lliii>ty  fieldK  of  tlic  country,  are  in 
gvoernl  Hituntinl  far  from  the  niaiti  lines  of  public  traffic,  are 
mure  or  lea^  entirely  bidden  from  }K>pular  view-,  and  are  familiar 
<ifilv  to  thifcif  whiiM'  duties  or  interests  mav  fu*  in  otie  way  or 
anoilier  coim<xtitl  witli  Iheni.  Vastly  ini|XJrtnnt  tis  largi^ 
rrrigutHHi  worka  are,  and  interesting  ah  feats  of  engineering 
«kill  aiid  daring — wan-elv  second  iiidee*!  to  milway  tipenttious.. 
((»ev  nevertbelesft  embody  a  cIa^s  i»f  works  which»  as  a  whole. 
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appeal  far  \e^»  fortihly  to  popular  inmgination  tliaii  thcMte  con- 
nected u'itli  railways^  owinpj  in  great  me»Lsure,  nn  floubt,  to  this 
relative  unfamiliarity,  'Hie  works  wo  are  alwut  to  sketch,  in 
mere  skeleton  outline,  ertlwidy  nn  enoniious  fig^e^ate ;  yet 
large  as  ihh  agf^re^ate  mnJouhtedly  i^^,  it  represents  but  a  frac- 
tion of  what  SR  Iwconiin^  inon.'  ojid  more  desirable,  in  imler 
that  the  agricultural  operations  and  pnxiuctions  of  India  may 
keef)  jmtv  with  the  ^'(lenil  advaricenietit  irj  other  direetions. 

The  runjah  system  of  provincial  canals  contains  the  first 
irrif^ation  work  unilertakeu  hy  the  British  Government,  wliich 
was  the  restoration  of  Shah  .leliatrs  old  Delhi  brf^nch-canal. 
Alniitt  the  vear  115'^  this  brnneh — taken  ofi*,  as  we  have  latelv 
seen,  in  W9G  by  All  Murtian  Khan,  from  Feroze  StiahV  old 
line  to  Hissar — ceaned  to  flow.  In  1817  the  British  Govern- 
ment appinnted  Captain  Blane  to  restore  it,  and  in  the  year 
1820 — after  a  closure  ti(  about  sixty-seven  years — water  was 
ftfjnin  introduced  into  Dcllii ;  irri^tion  having  l)een  com- 
menced during  the  previous  year. 

A  few  years  later,  vix,,  in  IHSiii,  the  restoration  nf  Fcrcwie 
Shah^i  original  canal  to  Hiswir  was  comincjiced,  and  during  the 
next  twenty  years  the  system  now  known  as  the  *  Western 
Jumna  Canals'  wfw  fully  developed.  Tlic  head  of  the  nmin 
channel  wivs  situated  cm  one  of  the  nuuuTOU.s  Nide  slreanis  into 
which  the  Jumna  is  divided  as  stiun  as  it  issues  into  tlie  plainn 
from  the  ^walikf  or  Buh-Hinialayan  range*  Here,  by  deepen- 
ing the  channel,  and  hy  running  out  spurs  or  dams  either 
partially  or  completely  across  the  main  stream,  the  water  used 
to  be  intercepted.  The  dams  or  Hpurs  were  rudely  constnicted 
of  boidder  stones  and  eoari^c  p*avel,  taken  fnnn  the  In-d  of  the 
river;  the  smaller  materials  being  packed  into  cribs  or  frame* 
of  basketwork.  Tlie  intercepted  water  was  first  led  by  an 
artificial  cut  into  the  Putralla  river,  and  then  along  the  iK'd  of 
that  strean»  as  far  as  its  junction  with  the  SouiIh-.  In  onlerto 
pasa  the  canal  water  beyond  the  latter  river,  a  pennanent 
masonry  dam  777  feet  lon^.  in  jilaee  of  tlie  ohJ  rarthen  dam 
which  was  formerly  emph>yed,  anil  u  hieh  had  to  l>e  annually 
reconstructed,  was  sulwHtuted  in  the  year  1883, 

The  foundations  of  the  dam  consist  of  masonry  bUa-iks  sunk 
ei^lit  to  eleven  feet  into  the  river JK'd  under  the  piei-M.  TI»e 
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blocks  are  coniu*ctir(t  on  IkiUi  up  iim\  down  streAiii  sides,  by 
lint^  of  curtAiti  works,  iind  tlie  floor  is  formed  on  Hat  arches 
nh  ■'  ri  thi"  |>UT  fourulations.  Ilotli  ikliort'  and  l>elow  Ihu 
ciii  ,  r  ifi  An  *  apron  '  t>r  hIojh*  fonucd  of  Htom%  and  rough 
moMHUTt  rclAined  In-  timlwr  piles  driven  closely  together. 
Hevond  thU  pilinij,  on  the  down-stream  wide,  is  anotlier  flcMirin^ 
«if  rivt-r  ntoni',  pjickt-d  iu  cribs,  and  fvccuretl  against  movement 
liv  anothpr  Ihic  of  smaller  piles.  The  floor  stretches  aerosfi  the 
Ised  of  the  Sond»f,  with  nhutinents  twelve  and  a  half  feet  hij»l» 
oil  earh  side.  Tlie  wfiole  width  h  divided  into  sixty  ojvenings 
nf  ten  ftvt  each,  by  fifty-nine  piera  six  feet  in  heif]fht  aTid  three 
^M^rtride.  The  Uiiiks  of  the  river  are  well  proteeted  In  long 
mHnent  walls — that  on  the  wo>*t  side,  730  feet  long,  ronnects 
thr  djuii  with  a  bridge  ueross  the  eanal.  The  nvcrfalla  are 
roAcio  to  diminish  in  height  tcHvards  the  eentrc,  with  the  object 
iif  keeping  the  stren'^th  of  the  eiirrent  in  the  middle  of  the 
rinT,  and  [>re\*enl  its  wttitit;  Jihmg  either  of  the  abutments* 
The  piefv  art^  fumLshed  witli  ;;rooves  Ut  nveive  the  Hhiiees.^ 
The  piTtdiar  jwisition  of  this  dnm  and  de|H'mlent  works  at 
Dadupur^  near  the  eonfluenee  of  fiewral  torrents,  all  liahle  to 
•rrw  Mnd  vjnU-nt  floods,  and  havinff  no  t^stablishwl  Ivds*  has 
expoMxl  them  to  mmiy  dangers,  winch  have  tailed  for  the^n-atest 
vi^iliuiix'  in  maintaining  thoni.  The  eanal,  once  e\triaited  front 
tbne  rivcpi,  \>.  carried  on  its  coiirsiMvith  comparative  ease,  Tlu' 
OMun  Western  Jutuna  canal  may  l>e  saitl  to  ctMnmencc  at  tltc 
Dodupur  dam.  An  fur  as  Karnal  it  was  ori;»iMallv  carried 
jJod^  the  low  bind  of  Hie  Jninna  river,  ^txin  however  ^^'ainin^ 
the  Icvrl  of  the  higher  coirntry  to  the  westward,  where  it 
pmently  divideif  into  (wo  bnuiehes  ;  one  earrv-in^  the  wjiter  to 
Ham  and  tlit-  other  to  Delhi.  Dnrin;;  comparatively  recent 
jenn  llie  We^leni  Jumna  system  has  been  eonipletelv  re- 
nodtfUed,  in  order  to  remove  the  evils  due  to  its  ori^nallv 
drfoclm'  and  low  portion,  which  causeil  a  ^^ood  deal  of  un- 
hmlthy  *wainpinj^  of  the  country  alon^  itn  course^  also  to 
tncTvnM*  the  vidinne  i»f  water,  to  extend  and  n.^jjitlate  the  dis- 
bribuiioii,  and  to  imprt»ve  the  navigable  chamcter  of  the  main 
chuinrl. 


*         Colonel  Baker's  Report  on      Western  Jumna  Can;vls. 
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III  18(>4  mi  investigation  into  tlu'  L-oiuiitioii  of  tlic  c».nals  wa^ 
ordered  t  many  plana  for  tlieir  iniprovrinont  wl-iy'  Aug^^estcd, 
but  a  Jefiiiite  stheme  was  not  sanctioned  until  the  yenr  18T4. 
The  main  features  in  the  alterations  of  Uie  oltier  works  carried 
out^  were,  tlie  eonstniction  of  a  pernianent  weir  and  JieatUwi^rkn 
on  the  Jumna  ;  u  new  mtiin  line  of  etiiml  taken  ijfl^  from  tlie 
old  cliannel  15  miles  ahove  Karnal,  e\.tendin^  as  far  as  the 
Delhi  branch,  in  place  of  alwut  50  miles  of  lower  and  very 
defective  line,  and  a  now  elirttmel  ahni^  55  miles  of  the 
Delhi  branch  itK'lf,  together  with  a  ci)risi<lcrahle  extension  of 
distributing  channels  and  various  ilraiun^e  works. 

At  the  head  the  main  canal  is  Hiii)  feet  wide,  decrwisin^ 
gradually  to  120  feet  as  water  in  drawn  oil'.  The  total  length 
of  the  Western  Jniuna  main  aiul  branch  canals  is  i^SO  niik-?*,  of 
which  243  miles  are  navigable,  with  over  IKH)  miles  4»f  clistri- 
liLiting  channels,  irrigating  in  good  years  nlxmt  550,IX)0  acres. 
It  is  S4ud  tliat  during  the  terrible  famine  of  18J37-IiH  the  value 
of  the  crops  saved  by  its  waters  whs  4.^1,4<i!^^800,  supporting 
the  inliabitants  of  500  villages,  mIio  would  otherwise  probably 
hfive  died  of  starvation.  From  the  beginning  it  has  been  an 
exceptionally  remunerative  umlerlaking.  At  tlie  end  of  the 
year  1890-91  the  accumulated  ret  prf>lits  at  credit  of  the  canal 
amounted  to  very  little  i^hort  of  three  millions  sterling.'-  An 
important  new  bmneh  taken  oft'  from  the  main  channel  al>out 
the  45th  mile,  and  running  to  Sirsa,  ha*  lately  iK-en  commencod. 
'riiia  branch  will  be  WH  miles  long,  with  000  miles  of  distribij- 
tiiries,  irrigating  about  175,000  acres. 
Bari  IhtHb  Very  soon  after  the  annexation  of  the  Punjab  in  184S)  a  pro- 
Canal,  j^^,^  j'^jj,  providing  irrigation  in  the  arid  ilistricts  lying  l>etween 
the  llavi  and  lleas  rivers  wa.^  taken  up  l>v  the  <tovernnient. 
As  previously  mentioned,  in  this  district,  known  a&  the  ^Bari 
DoalV  an  old  native  c^ulal  existed,  const ructeti  in  \6^^  iJnder 
the  Emperor  Shall  Jelian,  called  tlu'  *  Husli '  canal.  Although 
constructed  primarily  for  the  i^upply  of  water  to  the  royoi 
gardens  at  Lahore,  tlie  cliannel  served  to  irrigate  a  certain  aroa 
Kituated  in  the  upper  part  of  the  Umih  ;  hut  its  eour-^e  wiut 
generally  so  defective  that  no  iise  could  he  njade  of  it  in  th 
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aii^ment  of  the  modern  ^  IWi  Doal>  Canal,''  ;^lt]ioitgh  smull 
|K»rtioitt  of  it  Imve  hecTi  inL'or|jorfiU"il  in  the  iliistrihutive 
«v*tcin. 

The  '  IJari  Doab  Canul/  as  now  exis>tiiig,  was  commeuc^  in 
Uic  yenr  1850,  Init  progress  on  it  was  much  delaytul  by  various 
revisions  aiul  alterations  of  tho  ori^iiuil  ]}fojcct.  A  few  mile?) 
of  U»e  jm-st'iit  syj^terii  was  o^juiR'd  \n  1H59,  but  uj)  to  the  \X'ar 
1868  no  prmianeiit  hciul-workis  ha^i  Ijcea  const ructetl,  and  only 
A  cnmparativety  small  portion  of  iUv  main  and  branch  canalft 
wvn,'  c«>mpWled,  The  system  hji>,  iti  fact,  Ik'ch  gradually 
dk?fi4iipcil  alnuMt  to  the  present  tinK\  The  head  uf  the 
Attud  is  kituated  on  the  Ravi  at  Madhopiir,  uhere  the  river 
j^Ues  from  a  low  portion  of  the  Hi  mala  van  mn^e.  Here,  in 
186Hy  tlic  cortttruetion  of  a  permanent  weir  was  e<iinnienoed^ 
«hich  wiu  completed  in  iHTii-  The  bed  the  river  at  Madho- 
pur  is  composeti  of  boukler  ntones  uf  hir^fe  a%erage  sixe,  ami 
the  fjUl  i<  2G  ftvt  |K'r  nob'.  With  such  a  bea^y  incbnation  aw 
tlu»  the  velocity  and  force  of  the  current  is  of  necessity  exceed- 
hf^j  great. 

The  weir  cujnsisU  of  two  pjuullel  wails  of  riuLsotjry  55 
ivH  a|>art  and  5  feet  bigfi,  the  iiUertneiiiate  space  licitig 
filled  in  with  tMudders  set  in  cement  for  a  thickness  of  3 
fwt,  ami  there  i^  a  Kmi^  protective  ajiron  or  sb)pc  of  bouklers 
bdow  thr  dow  n-slrmtu  wall.  The  wcir  wa.s  eciiistrijcteti  straight 
•crobti  tl>e  river  at  riglit  angk'H  to  the  direction  of  tlie  current, 
but  thU  wat  sutfM*(|uenMv  fuund  to  Ir'  a  mistake,  as,  owing  to 
Ihr  nature  of  the  rivrr  bed  tfie  scouring  Unici.*s  prtjvided  in  the 
body  of  the  weir  failetl  to  keep  up  a  suiHeient  ^eour,  so  that  the 
Imiiidrrs  rt)lUt!  nhmg  by  ihv  rapiti  current  were  IwiokLHi-up  to 
tlie  top  of  Llie  weir-wall,  almost  across  the  w  hole  width  of  the 
riw.aiid  the  dee[>-water  ehruuiel  near  the  eauttl  entrance  could 
Wdly  be  kept  o|H"n,  This*  antl  other  e\|K'rience*  has  taught 
oumI  engiueers  Ihat  dams  or  weirs  aeniss  boulder  >tri'ams  having 
Agmit  inclination  t>f  laxl  should  l>e  mmlo  obliquely  to  the  line 
Iff  tl»e  eiirrent.  Al  Madhnpnr  tfie  dirficuUies  bn|>(»sed  by  the 
uri|piuU  faulty  aligium-nt  of  the  weir  have  by  varitaj>  remedial 
■WWimi  n  bc€n  now  largely  f^urmoimted. 

Tl»r  canal  vntnincr  \s  provided  willv  regulating  sluices,  ami 
iUt'  eimiil,  VJX\  feet  in  width,  is  IihI  away  from  thr  river  thnnigb 
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a  deep  cutting  in  the  liigh  bank  nf  tin.'  rivtr.  !n  the  fiist  fvw 
uiileA  of  its  coiir&t  it  m)V(t?H  two  iiioiintain-torrenis  nftcr  which 
it  s<x)n  gains  the  tftbk^-hind  Ijctwccn  tht*  Itavi  find  Hi'as  rivi*nt. 
At  thf  'KHh  mile  a  loain  hrnndi  iliverfres  ainJ  carrii^s  tlic 
water  to  Kasur,  near  Fer()zv|«ir,  aiid  from  the  upptT  part,  of 
this  branch  anotlier  is  carritni  rt'arly  parallt*!  with  thf  Bcoit  to 
a  point  opposite  Sahraon,  m-ar  the*  jutu'tinu  of  the  IJtnis  nml 
Sutlej,  At  the  55th  mile  the  l^hore  braijch  is  taken  off, 
and  extends  to  Mean  IMeer  and  I.atu>rt\  Thi*  main  canal  itself, 
aft^r  traversing  tlic  central  part  of  the  IXiah,  tails  into  thr 
Ravi  some  60  miles  lielov  the  la«t-nientioned  town. 

The  Bari  Doab  sv?<teH)  tif  ranals  ho*  a  totiil  lerjgth  of  main 
lire  and  brarK-hes  of  IJCJj^  miles,  with  lOiH  milt's  of  distribu- 
taries, oommandin«[  an  irri»;ah!e  area  of  5ii5,Ot)0  acres,  or  f<JJ6 
si|uare  miles.  The  estiniatevl  value  of  the  erojis  annually  irri- 
gatcxl  by  it  now  ainonnt-^  to  over  i^l,600,000.  The  financial 
results  of  working  tlie  t-Hiial  during  rtrceiit  years  cxhihit*  a 
steady  advance. 

The  trat^t  of  country  lyinff  l>etween  the  upper  waters  of  the 
Jumna  and  Sutlej  rivers  contains  the  watershed  or  ritl^e  line  of 
division  l)etween  the  Indus  and  (iantres  basins,  Thi»  watershed 
lies  much  nearer  the  Junnia  tlian  the  Sutlej,  and  the  spare 
l>etween  it  and  the  latter  was  oiiee  watered  by  the  Cihag^?ir, 
the  aneient  Saraswati,  a  river  wbiefi,  in  its  higher  portion,  has 
been  for  a  long  time  unpleas*intly  fandliar  to  all  visitorx  to 
Simla.  The  Ghairirrnr  fonnerly  flowed  thruu;;h  the  heart  of  tlie 
rountr>%from  tla*  mountains  to  the  Indus,  near  llori,  in  a  direc- 
tion almost  parallel  with  the  Sutlej  :  but  itn  vast  lower  beds, 
IfKvdly  known  by  tfie  names  of  *ILikra'  and  ^Sarikra,*  have 
lon^  l>een  dr>'  hollow  wjtstes.  Tlie  water  in  the  modern  river, 
even  after  the  heaviest  rainfall,  is  won  swallowed  up  in  the 
ever-encrofiehina  dr-^ert  sjoids  to  the  southward. 

In  this  ahnost  niinless  region,  eoin[n*ising  the  districts  of 
Lndhiana  and  Fero/epore  and  the  native  States  of  Put  link, 
■linil,  ami  Nablia.  west  of  the  Gfiag^ar,  the  want  of  water  for 
jairpiises  of  eultivatinn  was  i*\treme.  In  the  year  IH-MI  Captain 
(afterwards  Sir  Wrlliam)  Haker  took  a  line  of  levels  aiTosB  t!»e 
country  from  Karnal  to  rviidliiana.  He  found  tliat  the  greiitiT*t 
elevation  of  the  watershe*!  bvlwuen  the  duiima  and  the  Sutlej 
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einjj|>rtnitivfly  near  Uie  former   rivtr)  6S  feet, 

and  after  further  preliniiuary  investigation  he  aM^t'rtaiaed  the 
pi*rfi«t  fwi.Hilnlity  of  conductino;  water  from  the  SutkJ  into  an 
iinim-n>o  cultuniblc  area,  tlu'ii  almost  u  dry  tifstrt.  Nothing 
at  Uiis  time,  however,  was  done,  owing  to  various  causes^  but 
cltit*fly  riurinff  lo  the  <liftiftiltic?»  ini|>oed  1)v  the  intervention  of 
lercml  native  l^tiiteh,  whieh  wnuKI  have  to  he  traversed  by  the 
OUiali  pni|MiKe4t.  Twenty  years  later  the  project  was  revived, 
>nty  on  boLieltation  of  the  Maharajah  of  Puttiala,  who,  so 
AM  irri^Lting  Iiis  oavu  territory  wius  eoncenjed,  offered  to 
ilefniy  all  cxpeiisi's  connected  with  the  preliminary  investigation 
and  Minev,  whether  the  scheme  proved  practicable  or  other- 
wise. In  the  year  the  niatiiretl  prnjeel  for  the  existing 
•Sirhind  <  anaU"  wa*  HnaUy  settleil,  the  upper  portion  of  the 
workfl  wflA  commence*!,  and  in  an  jvgret*nient  with  the 
«rvmi  native  Statow  interested  wjls  concluded.  The  main 
IbitureM  of  tliiK  agri'cnient  were,  that  the  work  was  to  he 
<le!»igiie«i  and  carried  out  by  the  British  Government,  and  that 
the  inilire  ct»t  of  tlie  main  canal  and  preparation  of  the  project 
was  Ul  lie  home  by  that  Goveniment  and  the  native  States,  in 
proportion  to  tin*  (juantity  of  water  allotted  to  each.  As 
IVjgpArds  the  bnuu'hr-i  and  distributing  channels,  each  partv  waji 
lo  besir  ttitf  coriit  of  itK  own  portion.  The  management  of  the 
niain  canal  and  branchi*s  was  ttj  rest  with  the  Government  of 
India,  but  each  party  wa.H  to  have  entire  charge  uf  its  own 
distributaries,  nnti  defray  ail  e\^>enses  of  maintenauee  in  pro- 
-     '■•n  to  the  share  of  the  wnter  supjjly  allotted  in  each  case, 

1,1  Sirhind  canal  syhtem  tta  carried  out  coa-sitits  of  a  iihort 
tnmk  caiiuil  drawn  frnin  tbe  Sutlej  at  Rupan  At  the  41st 
mile  ji  divUion  of  the  water  ifv  made  ;  one  main  branch  extend* 
ing  wc«twardj«  tji  KTo/f|H>rL*,  mainly  f*>r  the  supply  nf  wjiter  to 
BritbJi  territor)',  and  niu>ther  main  branch  soutli-castwardH  to 
PuttinU,  prirk'ipally  to  supply  the  wants  of  tlie  native  States  of 
ruttiala,  Jind,  and  Nabha.  Nnmerou**  Mvondary  branches 
extend  frotu  the  above,  roughly  pandlet  witii  each  other,  in  a 
iOUth-west**rly  dint'lioii,  carrviufj  thr  water-supply  nearly  as  far 
south  a*i  Sirvt,  and  to  the  njjper  l>order  of  the  Baliawalpur 
lie  wfiit.  Tile  tnnik  anil  main  briUiclies  tu  Feru/.e|>ore 
aiii^  i  I,  .  n»lrt  rejijK-cti vcty  an'  iiavi^nble,  and  a  nnvij^able  exten- 
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sion,  55  miles  l<^ng,  tliroi^rh  tlic  waterwhed^  fVuiu  a  littif  Mow 
Puttifila  to  a  point  on  the  WrsU'm  Jumna  Canal  alxivt*  KAinml 
is  conti^nplatciU  "iiirli  will  form  a  juiiction  Ix'tweon  tho  Punj- 
ab and  Beii^il  svhU'in.s  <tf  inlaiui  (iavigati<>n»  thrtui^h  lUv 
DelWi  connection  with  the  Agrn  cajial  in  ihv  North-wt^t 
ProvintvH. 

As  usual  in  [hv  mst'  of  mnals  <[niwn  from  rivers  not  far  froni 
where  they  issue  from  the  mountains,  the  heaWest  portion  of 
the  works  on  the  Sirhind  canals  Iion  in  the  first  fvw  niilea  frwin 
the  hwiil,  whi-Tc  fht*  channel  has  to  crosh  Kcveral  mountain 
torrents  which  intersect  the  Sutlej  valley.  A  masonry  darn 
or  weir  is  constructed  across  the  Sutlej  nearly  ojjposite  the 
town  of  Hiipur,  and  just  above  the  weir  a  regulating  hrid^» 
crosses  the  couiniencenient  of  the  niajn  canal^  SOO  feet  in  width, 
'llie  eanal  is  carried  througli  a  hill  spur  in  a  cutting  45  feet 
deep  in  the  highest  portion,  and  with  un  nvenige  de]jth  for 
about  nine  miles  of  98  feet.  'Hie  cross  drainaf^*  of  the  valley 
is  conveyed  over  the  canal  hy  twu  large  ninsonry  over-passa^e^. 
Prison  lahour  wiw  very  largely  employed  on  this  jmrtion  of  the 
works, 

Tlie  total  length  of  inain-liiie  and  hraiiclies  is  5  \r^^  niilcR,  with 
4385  miles  of  distnbntiug  elijumek  IHJJ  miles  of  the  canals 
are  navigable,  of  which  143  are  Ilriti^h,  and  4fi  are  in  native 
St^itea,  Tlie  system  eonntmnds  an  irrigable  area  of  over  800,000 
acres,  or  1S50  square  miles  of  cultivation. 

The  only  remaining  peremiial  canals  in  tlio  Punjab  are  the 

*  Swjit  Uiver  Canal/  and  the  Chenab  Canid,  the  latter  a  very 
recent  work,  an  yet  only  partially  developed,  for  irrigating  the 

*  Rechna  ^  Doub^  lying  l>etween  the  Chenab  and  lla%-i  rivers. 
The  SwSt  Kiver  Canal  is  a  small  work*  miles  long*  with 
140  miles  of  tlistributing  channels,  situatetl  in  the  north- 
east comer  of  the  Peshuwur  valley,  where  the  rainfall  is  exceetl- 
inglv  small  and  uncertain.  The  canal,  which  wa*i  connnence*! 
in  1876,  is  drawn  from  the  Swat  river,  above  a  dam  constructe<l 
not  far  from  the  frontier  post  of  Abuyaec»  where  the  river  iftUMe* 
from  the  nioim  tains.  It  irrigates  an  area  of  about  89,000  acres 
out  of  120,000  iicres  commanded. 

The  Chenab  S3'steni  of  irrigation  in  the  Rechna  Ut»ab,  which* 
when  fully  developed,  will  Ije  the  largest  and  most  important 
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in  the  Pimjnb*  is  derived  from  the  river  Chenab,  over  viliieh  a 
fine  penmuient  weir,  with  connected  canal  head  works  at  Klianke, 
few  miles  Inflow  W^i/irflbad,  has  quite  recently  been  coni- 
A-il,    Tlie  main  nuial  (Intliertu,  pending  the  cwnipletiou  of 
the  hcfui  workii,  worked  as  an  imiTidation  canal)  ia  carried  down 
the  hi^h  land  i»f  the  Do»d)»  passing  clwe  to  the  town  of  Hafiza* 
htuU  irri^ikion  couinitiicijig  witJiin  a  very  short  distance  of  tlie 
bend.    The  area  irrigable  bv  the  existing  project  is  400,000 
**.    The  length  of  main  channel  and  bmnches  was  in  1891 
mi\v%  mil  of  11^5  projtrted,  with  a  length  of  completed  dis- 
InbutAricsv  of  S83  miles  out  of  5S9.    It  is  under  proposal  to 
bic  the  cupficitv  <jf  the  present  main  channel^  to  enable 
full  jMjwcr  of  the  new  head  work*  to  l»e  utilised,  the  eflL*i"t 
of  which  will  \ye  to  very  largely  extend  the  irrigable  area, 
horn  400,000  to  over  a  million  iieres,  or  15(>ii  s<(uare  mile*, 
ttt  ft  cty^i  of  about  a  million  and  a  half  hterling  (150  lacn  of 
ntpcesV 

A  great  nundnT  of  Inundation  Canals  [lave  fr*>in  \erv  early  lauailati 
times  Ixi'O  in  ojK-mtion  all  ovt-r  the  Punjab  Province.  Under 
systematic  administjation  these  canals  as  a  whole  may  1^  ranked 
ainongKt  tht*  most  n*nninerative  irrigation  works  in  India, 
although  from  the  iinavoidalde  irregularity  and  nncertaintv  in 
tlwir  wipply  it(  water,  they  are  of  far  less  certain  value  to  the 
I'^W.'itoni  than  tin*  faTcnninl  eanalb.  The  grwiter  portion  of  llie 
( iliiin  systeaiH  now  in  o|KTntion  under  the  management  of 
the  Crovt^mnient  of  India  Irrigation  Departnientj  are  l>ased  on 
aU  native  constructions,  which  have  been  enlarged,  restored^ 
or  impnned,  by  Fnglish  engineers  since  the  year  18+9j  i*thers 
*n*  of  cntin*ly  British  origination.    The  lower  Sohag  and  Parti 
^^flKud  iit  drawn  fnnn  the  right  Imnk  of  the  Sutlej,  about  50 
^BHc»  below    rcro/ejMtre.     It  has  95  miles  of  main  chan- 
tiA  and  branches,  with  about  4<)  miles  of  distributaries,  aiid 
^   M'  -  :  hie  nrea  of  !)iJ,0(M)  acres  ;  tlie  area  annually  irrigated 
_  „  rativ,  acc(»rdiiig  tc»  the  season*  as  U  the  caiK?  with  all 
thu  ciosto  of  irriinition  workh. 

Ao  ititw>ting  exaujple  of  one  of  these  canals  of  recent  .Sidhmil 
firitldi  construction  is  the  *Sidlu»ai  *  biken  from  the  loivt-r  ijart^*"*^- 
<if  the  llavi  near  it»  junction  witli  the  Clienab.    Owing  to  the 
«h11  depth  of  water  in  the  llavi  at  the  lime  of  year  when  it  is 
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c'hitfJy  requirt^d,  it  was  found  Tietvs-xary  to  cimslnict  a  dam  t 
lieail  u}>  tlie  wnter.  SiibsLHUi'nth*  n  lock  to  provide  for  a  Hnmli 
mriouiit  of  river  navi^tion  wa.s  adiJed,  TIk'  dtun  liax  l*eca  con- 
structetl  oil  a  j^rimipU'  borrowed  from  «  Freucti  source,  called 
the*  *  needle  '  »>>tein.  Iii  this  system  the  level  of  the  water  oa 
the  up-streiLm  »i*le  of  the  dam  is  rrtised  or  lowered  as  required, 
by  the  insertion  or  removal  of  a  line  of  vertical  timber*  called 

*  needles  ;*  each  needle  lieiii^  7  feet  (i  inches  long,  with  a  handle' 
18  inches  long  in  continuation*  and  3  inches  by  34  inclies  iu 
section,  weighing  alwut  40  lbs.  The  needier  are  mode  to  abut 
closely  the  one  against  the  other,  in  a  slightly  inclined  poHition, 
resting  against  a  timber  beam  above,  the  lower  end  falling  into 
a  notch  cut  along  the  crest  wall  of  the  main  dam.  The  inser- 
tion or  removal  of  the  needles  is  ejected  from  a  small  fi>ot- 
bridge,  provided  with  raih  for  tlie  passage  of  trollies.  The 
inasonry  dam  is  737  feet  long,  and  is  divided  into  bays  or 
spaces  of  about  SO  feet  caclu  by  dwnrf  piers  which  ser>-e  to 
support  the  upper  Ijeani  againnt  wliieh  the  n<'edles  re-^t.  -^nd  to 
carry  the  small  rail-bridge- 

By  closing  up,  poshing  forward,  or  hodilv  remo^  iug  a  sutii- 
cient  number  o{  the  needles;  in  any  or  all  of  the  bays,  the  levd 
of  the  water  in  the  river  above  the  dam  is  maintained  at  Uie 
height  requin?d  to  feed  the  canal,  whicli  is  drawn  oiY  thn>iigh  a 
regiJating  bridge  with  sluices  above  the  dam*  Tlie  canal  wn* 
commenced  in  1884,  and  the  whole  irngation  system  was  in  full 
operatioTi  in  1887.  The  main  channel  at  its  liead  is  80  feet 
wide,  ami  6  feet  in  depth  at  full  water,  and  has  a  slope  of  I 
foot  in  8000  feet.  The  length  of  main  line  mid  branehesi  is  58 
miles,  with  H6  miles  of  distributing  channels,  irrigating  an  area 
of  aliout  li^52,000  acres.  From  tlie  very  eommeueeuient  tlie 
work  has  proved  exceptionally  reiimnerative.  In  1891,  the 
Ijalance  of  net  revenue  to  the  credit  of  the  canal,  after  paying 
interest  charges,  amountetl  to  over  .X*ii5,000,  after  but  little 
over  four  years  of  actual  operation,  llae  remaining  sygteius  of 
minor  inundation  canals  in  the  Punjab  niv  the  '  Up^jcr  Sutiej 
aericsj''  derived  from  the  right  Ixink  of  the  Sutiej  below  rVro/c- 
|K>re ;  the  ^  Lower  Sutiej  aiid  Chenab  scries '  near  Multan  ;  the 

*  Indus  '  and  *  Muitaftargarh  "  series,  and  the  *  Shahpur '  series ; 
the  latter  drawn  from  the  left  bank  of  the  Jhelum.  Tlieae 
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Krau|)ff  of  mnnls  Imvc  an  aggregate  length  of  main  Jine  and 
branches  of  ;iG05  inik^,  with  591  miles  of  distributaries;,  irri- 
jjrnting  niKMil,  1,0H),(XM)  ncm,  or  1558  square  miles. 

As  cinnmercial  iiiidertrtkiiigs  the  im^atum  ranals  in  the  GenerHt 
Puxijnl)  )uive  l>een  vrry  sttccessfuL    In  the  whole  Punjah  Pro- 
vince  the  total  ex|x*nditiire  by  the  IJritisli  (jowrnnit-nt  on  such 
works  "p  ti>  thf  t-nd  of  the  year  1890-91,  ainountetl  to 
i'e^i-SS;^!^,  in  addition  to  a  further  sum  of  1^1,402,450  con- 
tributcti  by  nittive  Stjites.     The  tutnl  mileage  of  com[>kted 
nukiu  iukJ  branch  canals  w&a  4058  miltN>  witfi  7545  miles  of 
distributing  clianneK  of  wliich  5253  utiles  of  main  ctiannei  and 
ISMO  iniU*»  of  chstriFujtarios  are  in  native  States.    Of  the  main 
dmnnrlA  4iJ2  miles  are  available  for  navigation.    T\w  per- 
tmiiial  caitzd-v  in  the  year  189t)-91,  irrigated  an  area  of  2001 
jnuiuv  miU%  and  the  inundation  canals  irrigatetl  1840  ^tjuare 
H^nles.    'nM*  whole  area  irrigated  wa**  therefore  4441  siiuare 
miU-^  of  iMiUivntion,  and  the  estimated  valut-  of  the  crops  raissed 
hv  canal  irrigation  throughout  the  Punjab  in  the  same  year 
rrarlinl  the  enonnons  total  of  1*8,815,777-   On  the  seven  large 
*  productive  ■  work.-^  constructed  by  the  Uritish  Govenmtent, 
the  pcfxrcnta*;!*  of  revcinie  canted  to  capital  ouUay  niis  o'Dl  per 
c«it.,  antl  llie  net  *turplui%  of  revenue  for  the  year,  after  deduct- 
1  ititerent  charges,  amounted  to  n*Ji^,747.    Tl*e  accumu- 
■  •  Imlance  of  net  revenue  at  the  creilit  of  the  hy&tein  of 
tiroductixe  e/inalH  in  the  province,  for  which  interest  account** 
■  'pt — |»rinci|wdly  due  to  the  valuable  Western  Jumna 
J  :  111— waH  i"5J,20;i,187,  and  including  all  thu  inundation 


'  For  ittlwjU  of  individual  works  in  ihr  Punjab  vrr/e  Appendix  A. 
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NOETH-WEST  PROVINCES 

North-west  Provinces  irrigation — Eastern  Jumna  Canals— Ganges  Canal— In- 
ception— Head  works — General  course  followed — Branches — First  twenty 
miles — Slope  of  the  country — Ramipore  torrent — Suj>erpassage — Patri 
River  superpassage— Rutmoo  torrent — Solani  valley  and  aqueduct — 
Aqueducts  and  ordinary  bridges  compared — The  Solani  torrent — General . 
description  of  aqueduct — Embankment — Masonry  revetment  walls — 
Execution  of  earthworks — First  locomotive  engine  used  for  constructional 
purposes  in  India — General  description  of  the  Solani  River  crossing — 
Details  of  construction— Piers  and  abutments — Foundation  works  and 
arching — Completion  of  Ganges  Canal — Opening  by  Lord  Dalhousie 
— Subsequent  remodelling  of  canal. 

^rth-west  In  the  North-west  Provinces  the  earliest  work  undertaken  bj 
•rovinces  English  Government  was  in  connection  with  the  Eastern 

Swteni'"  Jumna  Canal.  This  canal,  which,  as  we  have  seen,  was  origin- 
^umuaCunul.  ally  constructed  by  Ali  Murdaii  Khan,  imder  the  Emperor 
Shah  Jelian,  was  abandoned  in  1628  shortly  after  its  construc- 
tion^ owing  to  the  excessive  slope  of  the  bed  and  the  difficulfy 
of  maintaining  its  passage  across  the  mountain  torrents  near  its 
source.  It  is  said  to  have  been  partially  restored  in  1764  by  a 
chief  named  Zabitha  Khan,  but  again  fell  into  disuse.  The 
canal  wa.s  re-opened  under  the  British  Government  in  1830;  the 
work  of  improvement  having  been  commenced  in  1823.  The 
original  defect  of  excessive  slope,  however,  soon  again  made 
itself  apparent,  and  to  remedy  this,  the  construction  of  a  series 
of  masonry  over-falls,  to  correct  and  regulate  the  slope  of  the 
bed,  was  constructed.  A  portion  of  the  canal  was  again 
remodelled  in  1854.  A  new  cut  of  more  than  5  miles  in 
length  was  excavated,  and  the  adjustment  of  the  bed  slope  was 
finally  completed. 

The  head  of  the  Eastern  Jumna  canal  is  about  3  miles 
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Mow  timt  of  the  VWfttcm  Juniiia  .system,  on  the  opposite  Imnk 
of  thi'  rivtT.  For  the  first  jinrt  of  \U  course  it  ix'cupies  tlie 
^WuifiU  liftl  of  the  Budlii  Jumna  for  4  or  5  miles  to 
Nrtvu'^luihr,  wliere  a  iiui;<oTkrv  dam  witfi  30  sluices  wns  coii- 
stnidt^I  m-nws  thnt  stream.  It  then  eiiteri>  a  tlifficult  tract  of 
itMintry,  having  to  vross  on  the  level  four  niountnin  torrorits 
within  A  liisttJiiifc  of  10  miles.  Two  of  tliese,  tlie  NoAvgoiig 
nnd  \hv  MiL^kiirni*  are  wide  and  rapid,  and  art;  furnished  with 
HiAMinry  dams  to  regulnti?  the  flood  waters.  On  gaining  the 
hi^h  ground  Ix  twieu  the  Jumna  and  Hindim^  the  canal  con- 
tiQui-«  neurlv  pandlel  with  tlie  former  river,  and  onty  a  few 
milt*  di^tiint  from  it,  until  it  a^iiii  re-enters  the  parent  stream 
At  Delhi.  For  ii  length  of  about  +0  ndbji  the  canal  is  carried 
*m  iiiitiankment  from  6  to  12  feet  above  the  level  i>f  the 
«Hintn'.  Itji  k'ligth  is  liiO  miles,  \vjtl»  640  miles  of  distrilniting 
cbaanrl5.  watering  a  tract  about  ISO  miles  long  ami  15  miles 
bmail.  The  canal  coitmtfuids  a  culturable  area  of  589,tHX) 
«CT*?!S  of  whieli  J35(KtKH)  acres  are  irrigable  bv  the  present 
duxnneU.  The  Eastern  Jumna  is  one  of  tfie  be.st-j)aying  eanaU 
in  Imiifw  retuniiag  a  very  high  percentage  on  the  capital 
npended  ttpon  it  by  the  British  Government,  wlnVh,  however, 
^h'lrf  of  the  full  value  of  the  work,  by  >vhatever  sum  may  be 

1  As  thf  value  of  the  old  native  works  utilised, 
hiiciuinigml  l»y  tlie  favourable  results  of  the  Western  and  ' 
Koxtrm  Jumna  t^nals,  the  Knglisli  tioveniment  of  India  took 
Ofi  ill  a  Urge  and  lilK*ral  spirit  the  consideration  of  numerous 
'  >n  projects.     In  the  year  iHJKj  the  first  studies  for  a 
riginal  canal  to  Ik'  derived  from  the  Ganges,  for  the 
m  of  a  considerable  j>ortion  of  the  Ganges  Junma  Doab, 
idc,  and  the  Mipreiiu'  neceH.«ity  fttr  such  a  work  Wiis 
illii>traU-d  by  the  fearful  Ukhs  of  life  and  sjw'riliec  of 
OfitAiIcd  by  the  calnmitons  famine  of  the  following 
y.a,  1S.'J7-1J8,    Contpk'te  inve?;tigJition  atjd  detailed  surveyK 
tad  e«tiniulc»  for  Vfiriou»i  ftrojwts  were  iniule,  find  exlmuntivelv 
ilUcuwetl,  lalnnirs  which  eventually  resulted  in  the  wclUknoMii 
GAll|^■!l  Canal. 

WTion  thi*  magnilicent  scheme,  which  was  pmcticalty  com- 
mrncrd  only  in  IH^,  wtxa^  nWer  various  vicissitude*,  conjplcted 
hi  ISSIw  it        Ihfc*  larger^t  work  of  the  kind  in  existence  in  the 
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world.  Even  at  the  present  time  there  are  few  canals  that  can 
compete  with  it  in  boldness  and  originality  of  conception,  and 
although  the  original  design  and  execution  of  the  work  in  some 
important  particulars  was  almost  of  necessity  injuriously  affected 
by  the  absence,  at  the  time  of  its  projection,  of  previous  ex- 
perience in  canal-engineering  on  anything  like  so  large  a  scale, 
it  still  remains  one  of  the  most  remarkable  public  works  of  its 
class  to  be  found  in  any  country.  The  early  history  and 
minute  description  of  its  engineering  details,  written  by  its  able 
designer  and  constructor.  Sir  Proby  Cautley,  has  rendered  it 
also  perhaps  better  known  to  those  specially  interested  than 
almost  any  other  similar  work. 

The  Ganges  Canal  commences  at  Myapore,  at  a  short  dis- 
tance below  the  sacred  town  of  Hardwar,  almost  at  the  point 
where  the  Ganges  river,  forcing  its  way  through  the  *  Sewalik ' 
sub-Himalayan  range,  debouches  into  the  plains.  A  little  above 
Hardwar  the  Ganges  divides  into  two  branches,  which  again 
unite  about  a  mile  and  a  half  below  the  town.  The  canal  is 
taken  off  from  the  southern,  and  smaller,  of  these  two  branches, 
which  is  carefully  regulated  and  kept  clear  to  feed  the  canal. 

A  permanent  masonry  dam,  provided  with  sluices,  is  thrown 
acrass  the  river  branch.  Tliis  dam  is  517  feet  long  lietween 
the  flanks,  and  is  pierced  in  the  centre  by  fifteen  openings,  each 
10  feet  wide.  The  piers,  which  are  8  feet  high,  are  fitted  with 
grooves  for  the  sluice-shutters.  On  either  side  of  the  central 
openings  are  overfalls  of  stepped  masonry  18f  feet  in  maximum 
height.  A  tramway,  provided  with  a  travelling  crane  for  work- 
ing the  sluices,  extends  along  the  top  of  the  dam,  and  is  a  later 
addition.  At  the  entrance  to  the  canal  is  a  regulating  bridge 
of  ten  openings,  each  20  feet  wide,  furnished  M*ith  sluice-gates, 
which  can  be  raised  or  lowered  by  means  of  capstans.  The 
bridge,  besides  ser^nng  to  carry  the  canal  head  sluices,  carries 
the  public  roadway  from  Hardwar  to  Kunkhut. 

By  means  of  the  two  sets  of  sluice-gates,  viz,  those  in  the 
dam,  and  at  the  regulating  bridge,  either  the  whole  amount  of 
water  in  the  river  branch  can  be  intercepted  and  sent  down  the 
canal,  or  the  whole,  or  any  part  of  it,  can  be  shut  off  from  the 
canal,  and  allowed  to  escape  through  the  dam,  to  rejoin  the 
main  Ganges  river  below. 
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From  the  ivviilatin^  hridgu  tht*  lainal  Hows  in  ouv  contiinioitti 
fitn*ttiii  fur  180  inilos,  wiHi  a  bottom  width  at  tlit?  coninicnice- 
nuMil  of  140fwt,  and  not  far  short  iii'SEOO  fet't  on  thi-  surl'tu-i'  ai' 
its  full  wut4T,  diiriinisijiDg  grafUmlly  to  SO  i'cei  hnttoin  width 
At  tlu*  Ifilst  mile.    HiTc  the  eiiiml  bifureaten  into  two  t;e|]nrate 
CAiiftit :  Mu-  |>oint  of  tnfurciition  being  provided  with  n  rci^ulat- 
Jtip  liridgv  Httcd  with  hhiicc-^Htcs,  pnx'ist^'ly  siniihir  to  that  at 
Mvn[iore,  to  ctmtml  thL'  qunntity  of  watt-r  pa-ssod  down  either 
branch.    Ihio  of  thm*  brancbi-^  170  niilfs  K>n*r,  ami  jmvi^ahle 
Ihftmgliout,  t'xtt'nds  with  a  gradual  rt'duttion  of  widtli  to 
30  fivt,  to  Cttwnporc.    Passing  l>ftween  tbt'  uintonnieTtt  and 
|Ap  city,  it  nwnttTH  the  Garages  throiigli  a  scries  of  locks  and 
^(itto,  adnpt^-il  for  the  entrance  and  e\it  of  Imab.    The  other 
branch,  also  after  a  course  of  170  miles,  and  a  gradual  peduction 
of  width  ti>  20  ftvt,  ]KLss<>s  ifitf*  Hie  Jntnna  near  Hamiqnir, 

Fur  tho  iirst  SO  niHes  iif  its  cmirse  frmn  Mvai>ore  to  Uoorkfe, 
the  nmi'n  cjinnl  pa^-ses  over  the  *  Khadir^*  or  low  valley  land  of 
'  river,  and  is  taken  acmss  a  nnniber  of  l/ir^e  inonn- 

t:i  Ills,  sulijet't  to  sluhlen  and  vioknit   Huinis,  iihieh 

licieeful  fmiii  the  neighltouring  snb-Himalayan  range  of  hills. 
Along  thi^  tract  of  apparently  level  conntry  the  sIojk*  of  the 
jcrrmnd  U  in  rt^alily  w»  gn*at  that  the  bed*^  of  these  streams 
for  the  greater  part  of  the  year  consiat  only  of  dry  saiid  and 
'       .  but  during  tin*  rainv  soawtm  they  In-eonie  uild  and 
'  I  ug  torrent*.    *To  carry  the  great  ennnl — itself  a  nniall 
fiwr — ACTOMA  ftuch  a  country — to  see  it  pass  silently  on,  mi- 
iotemiptcd  and  iinin'pireil  bv  thtse  torrents,  while  the  torrents 
tlMiuwlvtN  pass  through  the  canal  uneheekiHl,  Jis  well  a-s  over 
ft,  And  Muder  it  in  several  places — is  a  triumph  of  art  and 
-  ability/' 

u  miles  fn>m  tlie  head  works,  the  llamipope  torrent 
i«  pavted  over  the  canal  by  a  masonry  mjue<liiet  or  '»ujK*r- 
This  a4jue<luct  curries  a  volume  of  Avater  feet 
iiid  11  fert  diH'ji.    ""Ilie  canal  passes  lielow  thrtnigh  eiglit 
^luni  openings,  each  of  Q5  feet  bpan,  on  the  up-stream  side  of 
*hich  a  maitoury  overfall  of  fl  feet  cHrries  the  eaiud  to  a  lower 


^'ftbbc  Wacks  In  the  Bengal  Prewdcncy/ l»y  M«;nr-(rfnri.il  H.  11.  Trcmcii 
■^b    jVKwwAu  J5^yv»r.,        ^ Citil  Engitwis^  vol.  xvi*. 


150 


PUBLIC  WORKS  OF  INDIA 


Ucd,  On  the  left  there  h  a  lock  and  chainit'l,  hy  aim\% 
of  which  tioatn  can  pass  round  the  atjueduct.  In  the  lOUi 
mile  the  Patri  river  is  conveyeti  across  the  eaiiwl  hy  a  grand 
a(|uetliict»  similar  to  that  at  Rjimipore,  Imt  on  a  still  larjjcr 
scale  ;  the  width  of  waterway  for  the  river  l>eiiig  no  less  thnii 
29f)  feet,  carried  on  nine  archeis,  extendin;s;  tlie  uljole  width  of 
the  aquediiL't.  The  carml  passes  beneath  througli  eight  of  the>o 
arches^  and  a  curved  masonry  line  of  descent  on  the  up-stream 
side  carries  the  water  to  a  9  feet  lower  level.  Tlio  ninth  arch 
opening  is  utihsed  for  the  lock,  bringing  Uie  navigahle  elianiiel 
down  to  the  same  extent. 

In  the  llitli  mile  the  eanal  meets  the  Itntmno  torrent  an 
the  same  level  with  itself,    *^rhe  floiid-water  of  this  torrent, 
w  hich  carries  the  drainage  of  126  square  miles  of  country,  tuid 
wfiieh  has  a  hed-Silo|)e  of  H  feet  in  every  nnle,  k  allowed  to 
minglL*  with  the  water  of  the  cnirnh    It  i»  admitted  tlm^uj^h 
an  inlet  dam^  eonsisting  of  a  masonry  platform  provideti  witli 
regulating  shiicey*  and  it  passes  out  over  another  ina>onn' 
eseape-dani^  situated  opposite  tlie  inlet  one.     The  torrent  h 
only  pas.sed  eompletely  across  tlie  ciiunl  liurin^  the  period  o 
liigliest  floods,  when  communication  with  the  lower  ])ortion  n 
the  canal  is  shut  off'  to  the  extent  required,  by  tl»e  Hotid-^il« 
i.if  a  regulatiug-bridgc  just  Ijelow  the  cross-pnssage.    At  such 
times  the  HoiKl-waters  of  the  torrent,  and  the  head-water  o 
the  canal  itst^if,  lioth  pass  over  the  c^^cape-da^l,  and  are  carried 
away  down  tlie  lower  channel  of  the  torrent.    The  escapi'-tlam 
i^  provided  with  47  sluice-openings,  each  10  feet  wide,  sepamteA 
by  |}iers  JiJ  feet  thick,  the  bottom  of  tlie  ^iluiee-openingM  l)ein;» 
flush  with  the  bed  of  the  canal.    On  each  jside  of  the  eentml 
poKion  there  are  five  additional  sloices  of  the  stmie  width,  vi/^ 
10  feet,  but  having  tlie  hottom,  or  'silP  of  the  yluiccM  placet! 
(i  feet  higher.    Beyond  these  higher  shiices,  nn  eacli  side, 
imisonry  platform  extends  at  a  height  of  10  feet  above  tl 
canal  betl.    Up  to  6  feet  in  depth  of  water,  therefore,  tli 
is  a  free  pa^jsage  1?70  feet  wide.    Al)ove  thiSj  up  to  a  height  a 
10  feet,  the  width  of  the  free  pitssage  is  increased  bv  the  ten 
higher  aluiee-openings  to  570  feet,  and  if  the  water  should  ri: 
higlier  tfian  10  feet  it  passen  over  the  whok*  width  of  th 
masonry  platform,  with  a  total  watenvay  HOO  feet  K>iig. 
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In  the  Ifith  mile  of  its  coui-si'  fnan  llio  head-works  at 
Hfwiwar,  the  G:in;j;es  cnnal  encounters  the  SoUuii  vftlk-y  nnt\ 
nvcr^  at  llie  very  txtrt'mity  of  the  low  'Khatlir'  lurul  of  the 
Gangfs,  and  just  In-'ftire  it  «jains  tl*e  hi^h  ^>iinil  of  th**  Douh, 
a  sJiort  distance  beyond  Riwkec.  This  valley  is  crossed  on  ft 
magTiififcnt  ai|iie<!iict.,  having  a  total  len^h  of  neHrly  miJes^ 
a  work  which  at  the  time  of  it*  coixstnietion  was  fhi*  most 
considerable  theti  attetitpitHl  iu  India. 

A  ciinal  aqueduct  diftcn*  in  no  way  from  an  ordiuarv  lnulgi\ 
excejjt  that  it  has  to  carry  n  Haler-ehitunL'l  ovt-r  it,  snMend  of 
ft  road  or  railway.  It  is  often  of  nmeh  frreater  width  than 
other  kiiidsi  of  bride's,  and  it  in  obviuu.s  that  the  earriape  of  a 
vohtnte  of  wuter^  proliahly  of  considenililt'  (]e|>th,  anti  exerting 
eoiisitlerable  pressure,  retjiiires  that  the  side  walls  or  parayjets, 
wliieli  in  this  case  supjiort  the  water,  shi»uld  lie  made  much 
thicker  than  lliose  ret|uired  fur  road  or  railway  bridges, 
Special  pr«*caiitioiis  also  are  necessary  to  prevent  leakage  in 
every  part  of  the  structure.  Tlie  lenn  '  railway-bridge,'  or 
'  nmd-bridge,"  is  usnallv  contineti  to  the  nia^^onry  or  iron  strue- 
tiire  cnisiin;;  the  ordinary  water-channel  of  the  riwr;  hut  it  is 
usual  in  the  cajie  of  canal  *  luiueductM*  to  inehide  in  tlie  term, 
not  tally  the  real  hritlge  h[ianiiiii*if  tlie  wnler-channe],  hut 
hIko  the  whole  length  of  the  aj>proael»  embankments  across  the 
river  valley,  where  these  are  carrietl  at  a  consiilerahle  elevation 
above  the  natural  ^ound.  The  reason  of  this  is,  tliat  in  the 
CRRc  of  mil  way  or  road-hridfjes,  the  raised  approaches  on  either 
Hide  crossing  the  vidlev  of  the  river,  are  nsuallv  plain  earthen 
enilMmknients;  whilst  in  the  case  of  canals,  the  eniK'niknients 
are  commonly  lined  \\'\{U  masonry  throughout  their  entire 
leiigtli,  or  ftonie  other  special  e\|)edients  are  adopteil  to  pre- 
vent tl*e  percolation  and  escape  of  water  through  their  siiles. 

Ab  we  have  already  seen,  wlien  a  c^nal  meets  a  natural 
river,  and  it  is  necessary  that  it  sliould  be  carried  forwartl 
beyond  it,  it  must  t^itlier  he  i-ondiieted  over  the  river  on  a  raised 
bridge  or  a*]ue<iiict,  or  it  must  cn»ss  on  the  h-xvl^  or  it  must 
be  carried  by  a  syphon  or  tunnel  t/tidcr  tlic  river.  The  adop- 
tion of  one  or  other  of  these  cxjictiient.s  will  chicHy  depend 
upon  the  relative  necescMiry  levels  of  the  wattT  iji  the  canal  and 
the  river,  at  the  point  of  their  internection. 
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The  Rutmoo  torrent  in  the  13th  mile  having  been 
passed  on  the  level,  in  the  manner  lately  described,  the  Ganges 
canal  is  carried  through  the  ^Peeran  Kulliar**  ridge,  in  a  deep 
cutting  40  feet  deep  from  the  canal-bed  to  its  highest  point, 
and  nearly  two  miles  long.  On  emerging  from  this  cutting, 
the  passage  of  the  Solani  valley  and  river  commences.  The 
Solani  is  a  mountain  torrent  of  considerable  size,  draining  an 
area  above  the  aqueduct  of  about  216  square  miles ;  the  drain- 
age basin  being  about  27  miles  long  and  8  broad.  About  u 
quarter  of  the  area  lies  on  the  Sewalik  range  of  hills,  and  the 
remainder  on  rapid  but  gradually  decreasing  slopes.  At  the 
site  of  the  aqueduct  the  &ill  in  the  bed  of  the  river  is  5  feet  a 
mile,  and  at  highest  floods  the  torrent  discharges  35,000  cubic 
feet  of  water  per  second.  The  width  of  the  river  valley  at  the 
point  where  it  is  crossed  by  the  canal  is  13,265  feet,  or  a 
little  over  2|  miles;  and  the  total  length  of  the  masonry 
works  of  the  aqueduct  required  to  convey  the  canal  over 
it,  from  one  extremity  to  the  other,  is  15,698  feet,  or  within  a 
few  feet  of  3  miles.  Tlie  Ganges  canal  on  meeting  tlie  valley 
is  140  feet  in  bottom  width,  with  side  slopes  of  Ih  to  1, 
carrying  a  body  of  water  having  a  maximum  depth  of  10  feet. 

Essentially,  the  works  constructed  to  enable  these  large 
natural  ami  artificial  water  channels  safely  to  get  clear  of  each 
other,  consist  of  a  massive  masonry  bridge  or  aqueduct  having 
fifteen  arched  openings  of  50  feet  each,  carrying  the  canal  at  a 
liciglit  of  24  feet  above  the  river  bed,  and  two  masonry  pro- 
tected earthen  emlmnkmenis,  which  connect  tliis  structure 
with  the  high  land  on  either  extremity  of  the  valley;  the 
masonry  protected  embankment  on  the  south  or  Roorkee  side 
of  the  river  being  2733  feet,  or  over  half  a  mile  long ;  and 
that  on  the  north  side  being  10,713  feet,  or  over  two  miles 
long.  In  addition  there  are  various  works  for  the  regulation 
of  the  river  during  floods,  to  prevent  it  wandering  beyond  its 
assigned  limits,  and  for  the  proper  control  of  the  water  flowing 
over  the  masonry  a(|ueduct  itself. 

The  general  design  of  the  Solani  aqueduct  will  be  gathered 
from  the  adjoined  illustration  and  figures.  It  is  not  only  one 
of  the  largest  works  of  its  kind  in  India,  .but  taking  into 
account  the  early  date  of  its  construction,  it  may  be  considered 
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niwit  inttTt'stii*^  and  ivinaiLabiu  nimk'ni  Htructure  in 
mtry.  The  totnl  elevation  above  tlie  ri^er-bccl  is  38 
V.  tJwiri;;  to  this  (lefifit'tifv  of  hfij^lit,  as  ciuiijmrefl 
igth,  the  at[actliK't  jw  seifii  fj*oni  1h*Iow  is  by  no  nicaan 
r  'mi\)<mug„  but  when  viewed  from  above,  wliere  its 
te  bremlt?t  and  solidity  are  flpparL•nti^  wWh  its  Hue  of 
V  4  li.  nrirl  cxteadin^  for  nearlv3  miles,  the  efilTt  is  most 

i  vijL*  einnnirtieetl  on  the  earthen  enibaiiknient  \yhi^ 
Fthc  river  in  the  cold  season  of  the  year  1843,  and  the 
iqueduct  w*is  praetically  eouipleted  hy  the  year  1854* 
the  first  two  years  nuich  time  was  of  necessity 
id  in  manufueturinjL^  the  enormous  ijutrntities  of  bricks 
|cr  materials  required  for  the  masonry;  in  collecting 
I^^IT  workiiig'plmit,  and  it\  brin|riug  tog<?thiT,  or^au- 
WK  in  great  measure  educating^  the  skilled  labour 
Iwhich  at  tJiat  time  was  greatly,  if  not  almost  entirely, 

peight  of  the  earthen  enibanknieut.H  oti  the  mn'tb  and 
■dr»  of  the  river,  from  tlie  snrfaec  of  the  natural  ground 
Be  Ixid  of  the  ninal,  is  variable,  but  average.s  alwiut  16 
entire  hMi^b,  and  reai.-hes  a  niaxiiimm  height  of 
^Blwve  Uie  level  of  the  canal  l>ed,  the  two  portions  of 
P^rorrniri^  the  eutud  sidts,  ri^e  to  an  additional  height 
Pt,  the  width  of  eaeh  lieiug  «*50  tWt  on  the  top,  Tlie 
right  of  earthwork,  tfierefiirc,  averages  ftrt,  with  a 
in  of  feet.  At  the  level  of  the  eannl  lK>d  the 
nient  ir*  feet  wide»  rwu-liing  350  feet  in  width  on 
txl  ^n>und  surfaee. 

itndinally  thrtnij^h  the  whole  lenf;th  of  the  embank* 
nrv  walls,  nt  a  distance  apart  of  1-^0  feet  (or  the 
^  canal),  are  carrieil.    The&e  walU  are  founded  in 
gniund,  and  are  built  up  to  above  the  liigheitt 
cl  in  tlu'  ejuud,  they  ur'  entirely  concealed  in  the 
ikiiient,  except  the  inner  portions  lying  alwve 
.    This  [xirtion  is  worked  back  into  a  series  of 
ich  form  the  interior  hides  of  the  canal,  along  which 
<k)»'s.    The  internal  constnietinn  of  the  atpietluet 
entx.  witii  the  endowed  reveliiiejit-wallst,  will  \iv  best 
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understood  from  a  glance  at  the  figures  1  and  2  below^  which 
represent  an  embankment  and  wall  cut  open  from  top  to 
bottom,  on  lines  drawn  across  them — or  what  are  called  *  croak 
sections/ 

Fig.  I. 


It  will  be  observed  that  each  line  of  revetment  is  formed  of 
double  walls  of  niastniry  8  feet  6  inches  apart,  and  3  feet 
thick;  the  two  walls  being  joined  together  above  by  arch  work, 
arranged  so  as  to  admit  the  super-construction  of  the  series  of 
steps  forming  the  actual  revetment  of  the  canal  sides.  The 
pair  of  walls  fonuing  the  masoniy  heart  of  the  embankment 
are  also  joined  together  at  mter\'aLi  of  every  16  feet  of  their 
great  length  of  more  than  twice  miles,  by  cross  walls  built 
up  nearly  to  the  level  of  the  canal  bed.  All  the  hollow  spaces 
between  the  brick  walls,  and  up  to  the  under  side  of  the  arch- 
work  is  filled  in  with  earth  or  clay,  well  l)eaten  down,  which 
formed,  in  fact,  the  ^  centering  or  support  on  which  the  arch- 
work  was  built. 

The  earthwork  of  the  embankment  was  executed  in  a  variety 
of  ways.  On  the  early  commencement  of  the  work  on  the  north 
side  of  the  river  in  1846,  earth  was  dug  from  side  trenches  188 


lUUIGAnoN  WORKS  IN  INDIA 


loo 


fwi  wide  and  5}  f(?et  deep,  and  wus  thnjwii  uj>  to  lonii  u  riitsed 
Uiuk  tlic  cfiitml  axis  of  the  idigtitiient,    On  the  south 

tie  the  cuuhI  exe/ivutiori  throuixh  the  bii'h  i^nmiid  iieur  Hfjorkce 
fwnii^hed  mnteriid  for  tlie  first  portion  of  tlie  lunieduct  ettdintik- 
cient  which  was  piuil*cd  forward,  aiid  earrietl  out  into  the  valley 
l>V  ordinurv  htu«ket-ialM>iir,  and  liv  means  of  wheel-harrowjt 
workinj^  on  continuous  lines  of  plunkh,  II  aoon^  however,  Ih?- 
ciunc  n<.*cessarv  to  lay  down  a  tramway  of  light  rails,  and  to 
tuipKiy  larp^  imituIhts  of  tip-wa^nnj?.  At  first  the  tip*waf^)ns 
were  prii])el(ed  l>y  tnaiuja!  labour,  but  its  time  went  on  horses  in 
IjTvnt  uRftsua'  tiK)k  the  phice  of  men.  Eventually*  on  the  22d 
I)ttvtnl>er  1851,  a  Htcam  locomotive  wfLs  got  to  work  to  haul 
tmuifi  of  cJirlli  or  'Iwdlast'  wagrnis  across  the  uIjoIc  extent  of 
the  valley.  'I'his  entwine,  wluch  wa^  named  the  *  Thoniason/  h 
ii  '  '  I MT  riA  iK'ing  almost  eert-ftiidy  the  very  first  locomotive 
t  1  _         *'t\  for  constructional  purposif*  in  India. 

It  wa<i  tt  Amall  but  compact  iiiaehiiie,  with  btth  engine  and 
tmdrr  on  one  frnnie,  nnil  it  v,ns  snp|KiNe<i  to  he  alile  to  finiw  a 
TOAximuni  Wd  of  ^^00  ton;*  on  tlie  level  at  four  miles  an  hour. 
'ITif  m^ne»  howcviT,  did  not  turn  out  a  siu-cesK  ;  meeting  with  a 
lud  accident  it  wa^  discarded  at  tlie  end  of  a  few  niontlks'  use. 
Shortly  aflerwanls  it  was  dismountetl  and  utiliM'd  for  driving 
siiAchiner}'  in  the  workshops  at  lltairkee,  Inexj?erience  in 
ii]Aniigeinent~|R'rhaps  a  little  prejudice  against  it — and  the 
witnt  uf  projwr  fuciliticH  for  expeditiously  carrviug  out  re|mir&, 
mcrv  IH)  ihiuht  the  cliief  eaii?>es  of  tlie  failure. 

'ITic  double  pair  of  walls  in  the  embankment  were  built  up 
in  the  level  of  the  canal-ln^I  gnulutillv  in  proportion  ils  the 
cATthwiK-k  advanced  in  height.  The  line  of  ndls  iKnipied  a 
bank  raised  idongthe  tvntral  axis  of  the  work,  and  at  intervals 
of  ever>'  5iOO  feet  vnxtis  hanks  of  earth  wi-re  evtemied  laterallv, 
■  and  left,  to  the  revetment  walls.  These  cross  Imnks 
r.tr%L'd  a  double  pur[H>He,  vi/,.,  tis  a  passage  for  carrying  earth 
fijT  the  eml)imkmen(.<<  outside,  or  to  (he  rear,  of  the  niawmry 
imilis  Aud  alH>  for  funning  a  series  of  nvtuugiilar  liollow  spaces, 
rMcb  abttut  5200  fin^t  h>ng,  l>etwtvu  the  central  line  of  rails  «nd 
llio  »itir  walls,  which  aetetl  a*  reservtfirs  or  pontis  for  receiving 
t  iig  wutcr  during  the  rains,  thus  ensuring  a  go*Kl  eoin- 

.  itnd  umi»(;lidation  of  Ihe  earthwork  in  that  part  of 
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the  embankment  immediately  below  the  canal  bed,  where  it 
was  most  desirable. 

Outside  the  revetment  masoniy,  the  earthwork  above  the 
level  of  the  canal  bed  was  completed  by  tip-wagons  running  on 
lines  of  rails  carried  along  these  portions  of  the  bank.  The 
earthwork  filling  between  the  double  walls  was  brought  up  to 
the  height  necessary  to  serve  as  a  centering  on  which  the  arch- 
work  connecting  them  was  constructed,  this  done,  the  masonry 
steps  forming  the  visible  revetment  along  the  sides  of  the  canal 
were  finished  off.  At  each  end  of  the  aqueduct  embankments, 
the  masonry  revetment  walls  and  eartiiworks  terminate  on  the 
high  ground  at  the  edge  of  the  valley,  in  contact  with  masoniy 
bridges  and  structures  built  across  the  canal. 

The  Solani  aqueduct  embankments  north  and  south  of  the 
river,  over  2^  miles  in  combined  length,  contain  approximately 
about  five  million  cubic  feet,  or  nearly  200,000  cubic  yards  of 
brick  masonry,  and  59  millions  of  cubic  feet,  or  nearly  2J 
million  cubic  yards  of  earthwork, — a  mass  of  material  that, 
piled  together,  would  form  a  pyramid  about  700  feet  square  on 
the  base,  and  400  feet  in  perpendicular  height. 

The  Solani  River  itself  is  crossed  by  a  masonry  bridge  1110 
feet  in  clear  length.  The  o\yen  waterway  is  760  feet  long,  com- 
posed of  15  arclied  openings  each  of  50  feet  span.  The  widih 
of  the  arches  from  face  to  face  is  no  less  than  192  feet,  and  their 
thickness  at  the  crown  is  4  feet  6  inches.  Tliey  are  segmental 
in  fonn,  with  a  rise  of  8  feet  in  the  centre.  The  piers  are  10 
feet  thick  at  the  springing  of  the  archwork,  and  12J  feet  in 
height.  Above  the  arches  the  parapet  or  side  walls  of  the 
aqueduct  arc  8  feet  thick  and  12  feet  high  above  the  canal 
bottom.  Retween  these  parapets  the  water  flows  with  a  width 
of  172  feet,  and  a  full  depth  of  10  feet,  but  the  complete  width 
is  divided  into  two  cliannels,  each  82  feet  wide,  by  a  longitu- 
dinal partition -wall  along  the  centre.  At  each  end  of  the 
partition-wall  cross  piers  are  built,  fitted  with  grooves,  corre- 
sponding with  similar  grooves  in  the  side  parapet-walls,  into 
which  planks  can  be  inserted,  so  that  either  half  of  tlie  aqueduct 
longitudinally  can  be  closed  and  cleared  of  water  whenever 
necessary  for  carrying  out  repairs.  Tlie  water  in  the  closed 
half  is  got  rid  of  by  discharging  it  into  the  Solani  River 
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llirtnigh  Ktiiicoti  and  [>aAHHgcs  in  the  acjuediict  abuliiit?nt>  pro- 
^  idtnl  Cbr  the  purpoite. 

Ah  sot'U  from  nlK»vo  thv  four  conuTs  of  the  stnu'turu  ari; 
tenikiimUxl  h_v  ru^tifaU•d  wiiifj-wrtllh,  Miniiouiitrd  hy  (Kvlivstjds, 
each  earning  a  RTunibcnt  Hon,  constructed  of  niaAonrv  arjd 
fituct'tx-d.  'Hie  litiiih  fucf  inwards  towards  the  river*  settling 
to  gimnl  thr  p>rtal  by  vvhich  the  8oiani  is  [K-nnittt.^1  to 
[MM  through  the  works.  Other  Hons  f^^ing  outwimls  fire 
plnced  lit  the  extreme  ends  nf  tlie  inasonrv- protected 
lippmaches. 

The  pitMT*  *iiid  rtlnitnietit.H  of  the  main  ainieiiuct  luv  founded 
on  blocks  of  brick  niaM>iirv»  sunk  ^0  feet  deep  into  the  river 
liwJ,  which  etmbi.Hts  of  Miiui  inteniiixcd  with  chiy.  The  liltH'ksi 
Jirc  tmxah  HO  feet  Mjuttre,  und  nre  Hierefore  eulx'?^  of  brickwork  of 
20  feel  a  side.  They  arc  each  pierced  with  four  rectiiiiguUr 
(cm*  ocliigrjtiii!)  opt'iihigs  or  '  wells  '  Uiroiigh  which  tlie  river-bed 
material  wa^  with^lrawn  during  the  pn>cess  of  ninktug.  Other 
bUx'kA  of  \  arving  iliiiteuMonst  HUp|Mjrt  the  *  cutwaters  ^  or  pro- 
jecting portion  of  the  piers  and  the  wing-walls  and  defences  of 
the  Jibutnif ntJ*.  When  the  blocks  were  Mink  to  their  full  depth 
the  wcll-openingH  wort*  tilled  in  and  nrcheil  over  al  the  t()p,  so 
OA  to  fonn  n  level  pUtfonn  on  >^htch  the  piers  or  ahutuientjf 
|brrt?  built  up. 

nic  totid  width  of  the  foundation  works  (if  the  S>hini  acpje- 
duct  In  i252  feet,  and  the  quantity  of  nwusonrv  sunk  tnti  of 
rngjiii  Ik'Iow  Ihe  rivt-r  IkhI  is  probably  utH  fur  from  that  vtFiible 
above  it.  The  construction  of  the  archwork  was  coannenced 
oa  the  li^t  DeceiulkT  lS5t,  iUid  the  la^t  arch  WiLs  keyed  in  on 
the  Ith  July  IHoll.  As  wc  have  stated,  the  total  witlth  of  the 
•rrhw<jrk  i*  19iJ  feet,  but  in  order  to  lessen  Uii  far  a.s  po.sistble 
tilt-  liabitity  to  di^tllrtion  iVoni  any  uneipial  settlement  <»f  s<> 
A  inaitti  of  niaM>nry,  and  for  puqK>seH  of  cx*f>uoniv  in 
trring,  nnd  genertil  wmvenieni^e,  the  juchwork  was  con- 
*t«nl  frooi  shore  to  shore,  in  two  tmlf-widths,  eiith  of  96 
fec'L  'V\u^  -HTieTt  o\'  u)>  and  down  ?*tri'am  arelie's  be  ipnte  cluite 
to  cMcb  cither,  but  are  not  actually  in  contiict.  The  constnic- 
tkm  of  the  wimie  nmgniHcent  WDrk  wa*  practically  completed 
h\  the  eiui  of  Manh  isri4. 

In  luldilion  to  the  line  works  above  .*|jccially  refermi  to,  the 
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Ganges  Canal  in  its  short  passage  of  about  20  miles  across  the 
low- valley  land  of  the  sacred  river;,  admits  into  its  bed  five  other 
smaller  torrents,  controlling  these  uncivilised  and  turbulent 
kinsfolk  by  means  of  suitable  masonry  works.  The  width  of 
water-passage  for  these  torrents  is  in  two  cases  150  and  100  feet 
respectively,  in  two  cases  50  feet,  and  in  one  case  30  feet.  At 
Roorkee  the  canal  gains  the  high  land  of  the  Ganges-Jumna 
Doab,  and  continues  its  course  free  from  the  immense  obstruc- 
tions encountered  in  its  first  section.  The  main  canal  lies 
along  the  centre  of  the  table-land  between  the  Ganges  and  the 
Jumna,  throwing  off  several  main  branches  along  the  ridges 
between  the  intermediate  smaller  rivers,  all  adapted  for  ustemal 
navigation,  as  well  as  for  irrigation.  Irrigation  commences 
just  beyond  Roorkee,  at  a  little  over  SO  miles  fix>m  the  head- 
works. 

Water  was  admitted  into  the  canal  by  Lord  Dalhousie  on 
on  the  8th  April  1854.  It  is  said  that  before  the  opening  of 
the  canal  a  considerable  body  of  the  Hindu  priests,  attached  to 
the  numerous  temples  situated  along  the  bank  of  the  river  in 
front  of  the  town  of  Hardwar,  steadily  refused  to  believe  that 
the  water  of  the  Holy  Ganges  would  ever  consent  to  enter  the 
canal,  and  so  confident  were  they  in  this  opinion  that  they 
formed  themselves  into  a  solid  phalanx  in  the  bed  of  the  canal, 
just  below  the  intake  of  the  water,  so  that  when  the  sluices  were 
opened  they  might  from  this  apparently  dangerous  }H>sition, 
duly  emphasise  before  the  assembled  people  the  great  miracle 
that  would  take  place.  As  however  the  Granges  water  proved 
amenable  to  the  laws  of  gravity,  the  canal  bed  was  expeditiously 
abandoned  very  soon  after  the  gates  were  opened.  This  storv 
may  have  some  slight  basis  of  fact,  but  is  probably  in  the  main 
apocryphal.  The  enormous  benefit  conferred  on  the  community 
by  the  Ganges  Canal  is  illustrated  by  the  statement  that  pro- 
l)ably  as  many  lives  were  saved  by  it  in  Bengal  during  the  year 
1865-66  as  perished  during  the  same  terrible  year  in  Orissa. 
From  statistics  showing  the  amount  of  grain  carried  down  countrv 
from  the  canal  districts  by  the  East  Indian  Railway,  and'  bv 
river  transport,  it  is  estimated  that  the  canal  in  that  year  fed 
httle  short  of  2J  millions  of  people.  In  the  same  year  it  re- 
pud  to  the  country  more  than  its  then  total  cost. 
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Subsequent  experience  showed  that  the  slope  allowed  to  the 
bed  of  the  Granges  Canal  was  too  great  to  allow,  witliout  danger- 
ous erosion,  the  passage  of  the  full  volume  of  water  originally 
contemplated,  and  some  considerable  remodelling  was  necessi- 
tated, which  has  proved  successful  in  removing  the  main  evib. 


CHAPTER  V 


NORTH-WEST  PROVINCES 

Lower  Ganges  Canal  :  outline  of  newer  system — Description  and  details  of  weir 
at  Narora — Original  Nadrai  aqueduct — Partial  destruction  by  Boods — The 
new  Nadrai  aqueduct — Details  of  the  structure — Foundation  arches  and 
general  construction — Agra  Canal — General  course  followed — Description 
of  head  works  at  Okla — P'irst  example  of  a  weir  in  India  crossing  a  river 
bed  of  fine  sand  of  unknown  depth — Betwa  Canal — Origin  of  project — 
Particulars  of  head  weir — Minor  canals  in  the  North-west  Provinces — The 
Dun  canals — The  Rohilkund  and  Bignor  canals — General  results  of  irriga- 
tion in  the  Nonh*west  Provinces. 

■<iauges  The  Ganges  Canal  as  originally  constructed  was  fully  able  to 
supply  the  wants  of  the  upper  portion  of  the  Ganges-Jumna 
Doab,  but  lower  down  there  remained  large  districts  over  which 
its  influence  did  not,  and  could  not,  extend.  This  consideration 
led  to  the  projection  and  subsequent  construction  of  a  lower 
system  of  canals  derived  from  the  Ganges,  from  above  a  weir 
which  has  been  constructed  at  Narora,  a  place  situated  a  few 
miles  below  llajghat,  where  the  Oudh  and  Kohilkund  Railway 
crosses  the  river.  In  order  to  apportion  a  better  distribution 
of  the  available  water  between  the  upper  and  lower  halves  of 
the  Doab,  various  additions  and  extensions  of  the  main  branches 
and  distributaries  of  the  original  work  were  incorporated  in  the 
new  scheme. 

The  whole  system  of  irrigation  in  the  Ganges-Jumna  Doab 
has  for  purposes  of  administrative  convenience  of  late  years 
been  divided  between  what  are  now  called  the  ^  Upper'  and 
'Lower**  Ganges  Canals,  the  lower  portions  of  Sir  Proby  Cautley  » 
original  work  forming  a  part  of  the  latter.  The  lines  of  main 
canal  and  principal  branches  of  the  whole  combined  system  are 
exhibited  on  the  accompanying  map,  and  it  will  be  convenient 
to  consider  the  details  of  the  upper  and  lower  canals  separately. 
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ns  thcv  ort*  uow  officially  dividcil.  The  UpptT  Ganges  Canal 
han  a  length  of  iiinin  line  and  branches  of  456  miles,  of  which 
miles  arc  navigable,  with  upwards  of  tioOi)  miles  of  distri- 
buting channels.  The  niaxirinim  diseharge  of  water  hv  the 
eanul  is  671)9  eiihie  feet  per  second^  and  it  euniniands  an  irrigable 
un^a  of  l,(iOO,(H)0  aen's,  irn^tinf;  in  fuvimrable  years  aliout 
1^500,0(10  acres,  nr  i^iJlt  square  miles. 

^Tlie  Lower  Ganges  Canal  system,  fed  fmni  the  Ganges  Hiver 
at  Narora,  ha.s  a  total  length  of  main  line  iind  bram  la-s  of  557 
miles  (incltiding  abunt-  500  miles  of  what  origiiudlv  fcanied  part 
ufthe  old  (iaugLS  canal),  with  over  i^OOO  mile>'  of  dintrihuting 
thanneU.    It  eommandh  au  irrigahle  area  of  l,18T,:i;i()  acres,  or 
1855  nqtiim*  mih».s,  hut  tlie  fsy^^teni  has  not  yet  developed  any- 
lliing  like  its  fidl  working  capacity,  iu*tually  irrigating  tsoTue- 
(vljat  less  thiin  half  of  this  area.    The  wtMr  nerniis  tlxe  Ganges 
ut  Narora,  with  the  adjoining*  scouring  shiiee>,  canal  liead,  luid 
navigation  channel  with  lock,  fornis  one  of  the  finest  and  most 
injposing  engineering  eon?^fnjetionfi  in  India.    It  was  begun  in 
the  year  IKTiJ,  iind  was  completed  in  1HT8.   This  s|)lcndid  wcin 
including  the  scouring-sluices  in  prolongation,  iji  4'2'1*4?  feet  in 
lengthy  or  considerably  over  three  tpiarteiN  of  a  mile.    At  the 
point  where  the  weir  is  constructed,  tht'  bed  of  the  river  conftists 
of  a  very  line  smcjoth  &andj  which,  when  wet,  is  idmost  i!iijd. 
Into  this  sand  a  long  line  of  hollow  blocks  or  welk*  atch  10  feet 
»f|uari%  wiLs  Hunk,  ilown  to  a  depth  of  about  J30  feet  for  a  dis- 
tance of  500  feet  from  the  scouring-shnces,  which  immediately 
mljoin  the  canal  liead,  and  to  a  depth  of  aliout  10  feet  for  the 
remaining  part  of  the  leaigtli  of  the  weir.    When  sunk  to  tlie 
requiivd  depth  the  hollow^  in  the  b!iaks  were  HUed  in  solid 
ft"ith  concrete,  and  on  this  block  foundation  the  main  weir-wall 
waj*  constructed,  consisting  of  a  wall  of  masonrv  9  feet  9 
inches  liigh,  aiul  S  feet  thTck,  extending  for  a  length  of  3800 
feet.   Owing  to  the  difficulty  and  expense  of  obtaining  stone, 
the  work  has  })een  eonstructt^d  as  an  '  overfall weir;  there  is, 
therefiire,  on  the  lower  nide,  a  floor  40  feet  wide  and  5  feet  thick 
to  receive  the  water  falling  uver  the  weir- wall,  and  along  the 
lower  edge  of  this  Hour  a  line  of  cii*cular  wells,  each  8  feet  in 
diameter,  is  sunk  to  a  depth  nf  20  feet  below  low  rvater*  To 
Hie  tine  sand  between  these  wel 
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small  spaces  liftwecii  tlu-m  art*  filled  in  by  piles  dri von  an  clo4«clv 
together  p4>ssihlt\  Vor  a  Iniig  dist^uiee  on  tlic  dowii-strfani 
sldv  of  the  H*>H>r,  an  apron  or  nlop**  of  large  Jieavy  bJ(H:ks  In 
tlimw'n  to  protect  the  river-bed  from  the  at-tion  c>f  tlie  water. 
The  weir  is  cie&i^ieci  to  niise  the  4>l(l  enlei-wealluT  level  of  the 
water  7  feet,  ami  in  order  to  prevent  a  heavy  deposit  of  wand 
taking  pUiee  alM>ve  the  weir,  which  woidd  inevitidily  block  up 
the  eiitranet-  to  the  ciinnU  t\  line  of  scouring-Mluit  l's  -l-4i  feet  ui 
len^h,  coiisisting  of  forty-two  oja'tiiuf^s,  each  of  7  feet  ii  inches 
clear  width,  is  constructed  on  the  side  mljoining  the  canal  head, 
in  eontimiation  of  the  weir  proper.  The  seoiiririj^-shtices  sojrt- 
structure  forms  a  haitdsonie  double-storied  building,  aixd  *«tjinds 
on  a, stone  and  concitte  flooring  5  feet  thick,  4f^  feet  long«And 
155  feet  wide,  the  whole  being  i'nclose<l  find  supported  by  foun- 
dation l?locks  or  '  welis,^  10  feet  st|Uare  ami  lf2  feet  devp. 

At  an  angle  with  the  line  of  the  weir,  the  entrance  of  water 
into  the  eroial  is  controlled  by  n  regulating  brid^^e  having 
thirty  slniee-ojjeiiiugs,  each  7  feet  wide;  and  to  atlniit  the 
entrance  and  exit  of  boats,  a  navigable  channel*  ha\  ing  a  hxrk 
150  feet  long  ami  ^0  feet  wide,  liius  been  providc'd  al  a  short 
distance  above  the  regulator.  About  3^  miles  from  the  Itead- 
works  the  main  channel  crosses  tlie  Kali  Nadi  at  Nadrai  by  a 
Nplendid  masotiry  a<]ueduct» 

The  existing  Nadrai  atpiednct  is  a  recent  structure^  having 
been  commenced  in  the  year  1885^  and  eonii)Ieted  in  Dctolier 
1889,  in  rejdneenient  of  an  older  work  wliieh  was  destroyed 
by  heavy  floods  ocfurring  in  the  yeai's  188J-  ami  188^.  A:*  it 
13  the  latest,  so  it  is  also  one  of  the  finest  of  the  many  remark- 
able canal  af|ueduct-s  to  tie  found  in  India. 

During  the  eonstructinn  of  the  main  Lower  Gangts  CanaU 
the  original  Nadrai  jupjriluct  across  the  Kali  Nadi,  or  Hiver, 
wa£i  Iniilt  in  the  years  lS71'-7()<  Tlie  river  above  the  site  of  the 
work  was  s?titl  to  rt*ceive  the  drainage  of  over '^500  stpmrc  miles. 
Owing,  however,  to  its  reception  of  tq>ill -water  from  Gangett 
floods,  the  data  for  estimating  its  true  inaxinujni  <liscJiarge 
was  jewiniew  hat  uncertain.  The  origimU  afpteiluet  coniitited  of 
five  arched  f^pann  of  35  fet^t  by  14  fect»  providing  2450  M^uare 
feet  t»r  water way»  and  for  an  estimated  discharge  of  al>out 
18,000  cubic  feet  per  second.    The  piers  and  abutments  vcre 
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foinidt-d  on  wclb  sunk  in  taiud  to  iitk'|)tli  (4*  18  to  ^0  t'evt  Mow 
tilt*  Ijcd  of  the  river.  The  canal  jHutsed  over  tlif  mjueduct  in  a 
chiinnci  Ulii  feet  wido  ant!  0  fcrt  tieej),  with  a  water  veltx-ity  «'f 
S  ftvi  II  HixriJiiil.  On  tht'  Stl  October  1884,  this  lesH  thnn  tcn- 
ycnr-old  aquctluct  was  pArtially  destroyed  by  »  very  heavy  flood 
ID  the  Kah^  which  un  Jerrnined  tlie  foundations  and  cnrried  awuy 
lilxiut  Ji  fourtti  *>f  the  structure.  On  the  17th  July  of  the 
follo^tug  year  a  still  heavier  flood  occurred,  wliich  completttl 
V  *h»*tnjftTon  of  tlic  JU|ue(hict,  and  it  Ix'Canie  ntH-esairv  to 
>ign  and  eiHinnence  the  erection  ut'  an  entirely  new  work 
witli  n  ^iitlv  increiiscil  waterway, 

Ahout  half-a-mile  Ik'Iow  tlie  site  of  the  work  w*ivs  an  old 
native  rcMul-liriilge,  siiid  to  have  Ix-en  huilt  more  than  a  eentur\' 
AfTC),  having  n  waterway  consisting  of  seven  opening  of  10  feet 
uiches  hy  1411  feet,  and  two  a'nle  openi]i<|jN  of  8  by  5  feet, 
viijg  n  t4>tjd  water  area  of,l  146 square  feet  only — or  les^  than 
one-half  tliat  of  the  cantd  a4)ucduct.  This  old  native  bridge — 
f}  •  nee  of  wliich  had  bt*eu  sujiposed  to  justify  to  some 
v\  M'  waterway  idlowtti  in  the  cjlsc  of  the  orlgitial  Nadr4U 

Ai|iiethict^  was  in  no  way  injured  by  the  Ho*xls  which  destn>yod 
tlie  Litter.  It  happened— had  no  df»ulH  hapjX'netl  many 
linH?^  U'fore — that  (he  eartli  approach-hanks  on  either  side 
wenf  waflhed  away  for  llie  length  of  perliaps  ha)f>a-niile^  ^^'i^^ 
jih"  pitstji^e  for  tfie  water,  and  lean  ing  tJie  hrid|re  itself — 
nctly  high  and  dry — but  isiilated,  as  an  island,  in  the 
middle*  f>r  tlie  current.  It  is  in  this  way  that  manv  of  these 
ti\e  bridges  of  >.niall  diinenMons  find  relief*  and  are  saved 
""rtlruetion  in  I  lie  hii^hest  tiooils,  wliilst  Ifie  nwis^sive  and 
•uh»tantial  appnwu'h  endmnknieiits  of  a  canal  lujueduct,  or  of  a 
loftv  railway  bnd<ff%  conline  the  Htwu!  waters  to  the  particular 
rypen  waterway  fi-ssij^iKil,  so  that  if  this  waterway  happens  to  be 
iowfRcteni  the  bridge  i»  either  undermined  or  overwhehned. 
\  r-.  -  Hie  fNirtia!  destruction  of  the  aqueduct  in  18S4,  and 
.  te  dtMruetion  in  1KS5,  fresh  investigations  and  cal- 
•  nw  were  made  to  ajwrtain  the  true  maxininni  discharge 
_»  river,  and  it  was  eventually  determined  to  allow  in  the 
ructurv  an  an."aof  waterway  more  than  four  times  greater 
thai)  in  tlie  old  one  deslmvtH:!. 

Tlic  tww  Sadnii  A([u<tluct  over  the  Kali  rfver,  the  architee- 
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tural  features  of  which  are  illustrated  bj  the  accompanying 
engraving,  is  constructed  of  brickwork,  and  is  1220  feet  long 
over  all,  consisting  of  fifteen  segmental  arch  openings  of  60  feet 
each,  carrying  the  canal,  ISO  feet  wide  and  7  feet  deep  at  full 
water,  at  an  elevation  of  24  feet  3  inches  above  the  bed  of  the 
river.  On  one  side  it  carries  a  roadway,  10  feet,  and  on  the 
other  a  bridle  path,  5  feet  in  width.  The  breadth  of  the  struc- 
ture from  face  to  face  of  the  arches  is  148J  feet ;  the  extreme 
width  from  nose  to  nose  of  the  piers  being  181  feet.  The 
thickness  of  the  arches  at  the  crown  is  3  feet  9  inches.  The 
piers  are  10  feet  thick  at  the  springing  of  the  arches,  12  feet  at 
at  the  bottom  and  11|  feet  high  above  the  river  bed. 

For  purposes  of  economy  and  convenience  the  fifteen  arches 
are  divided  into  three  bays  or  groups  of  five  arches  each,  by  two 
abutment  pieis,  which  are  twenty  feet  thick  at  the  top. 

The  aqueduct  superstructure  is  founded  on  circular  wells, 
those  under  each  ordinary  pier  consisting  of  a  single  row  of 
eight  wells,  each  20  feet  in  external,  and  11  feet  in  internal, 
diameter.  The  abutment  piers  and  shore  abutments  are  founded 
on  double  rows  of  welLs  of  13,  and  12  feet  external,  and  6  feet 
3  inches  internal  diameter.  Tljese  wells  were  sunk  from  46  to 
60  feet  into  the  river  bed  ;  the  first  26  feet  or  more  being  sunk 
through  sand,  and  the  remainder  through  a  hard,  tenacious 
clay.  AVhen  pushed  down  to  the  full  depth  the  wells  were 
filled  in  w^ith  concrete,  and  the  tops  were  overlaid  with  a  solid 
niasoniy  platform  4  feet  in  thickness,  to  form  tlie  base  of 
the  superstructure.  The  number  of  wells  sunk  was  268,  and 
their  united  length  was  16,019  feet,  or  nearly  three  miles  of 
brick  well-work. 

Owing  to  the  great  breadth  of  the  aqueduct,  the  arches  were 
turned  in  three,  and  latterly  in  two,  sections,  each  one-third  or 
one-half  of  the  total  width  of  the  archwork.  The  line  of 
separation  between  the  sections  was,  after  the  arches  were  com- 
pleted and  had  finally  settled  into  position,  covered  by  arch 
rings  of  brickwork,  5  feet  wide  and  15  inches  thick,  let  into  the 
upper  surface  of  the  archwork. 

Tlie  main  arches  coA'er  an  area  of  over  three  acres,  and  weigh 
over  30,000  tons.  The  centering  on  which  this  immense  mass 
of  arch  masonry  was  constructed,  75  feet  in  width  and  60  feet 


IHUIGATUIN  WORKS  IS  INDIA 


lon^,  wm"  imovchI  botiily  on  m  Ik-oIs  and  trani-rojids  horn  section 
to  section,  or  from  arch-gmup  t*)  arch-group.  By  this  ineaiii*  h 
%-i-rv  |fn*iit  !<nvin£r  jn  tinu*  wius  t'(fW*to(!,  wttli  the  rt'sult  Hmt  the 
arclies  were  built  in  17(i  ilay»,  tir  ni  the  rtvenige  rute  of  It-ss 
than  twelve  lUvs  per  areh,  out  of  whieh  twenty-live  d&yn  only 
were  oeciipietl  in  moving  the  centeringn.  Ppwiirds  of  fifty- 
right  million!*  of  liHeks  %vere  ii.'*ed  in  the  constnietion  of  the 
aqueduct,  and  the  total  cciett  of  the  work,  including  sul>Aiiliary 
ii|iemtionsL,  mnotinted  to  alKiiit  J."J(J<V^**K      thirtv-si\  laes  of 

Anotlier  of  the  prineifud  caiud.s  of  the  North-wewt  Provinces 
is  the  '  Agni  t'«njd/  taken  from  t!ie  right  Ixink  of  the  river 
Jumna  at  Oklit,  ainuit  eiglib  miles  \M.*Un\  Delhi.  The  Eastern 
and  Western  Juinmi  C  anals,  situated  higher  up  the  river,  draw 
off  the  wlioie  of  the  water  fnan  (he  .luniuii  in  the  dry  seawin, 
Uiitving  the  U'd  *piite  empty  ;  nevertheless,  l>y  the  time  the 
rhner  haA  reached  Di*lhi  underground  HItration  and  inter- 
mediate drainage  Utxs  funnshed  a  freslt  snpptv,  aniouTtting  to 
«n  average  of  alxnit  700  eu hit' feet  per  stvi>nd  during  the  hoi 
wentlter.  At  first  it  was  conteniphitt^l  to  utilise  this  water  in 
the  Ganges  Junnm  Doah,  iu  su}»pU'inent  the  irrigation  in  the 
CiarigeH  Cntiu]  districts  hut  eventually  it  wiw  <Ux*idrtl  to  <T»n- 
strurt  A  large  canal  on  the  right  hank  of  the  river  to  irrigate 
a  very  dry  and  panelled  (met  of  eonntry  lying  la'tween  IX^hi 
and  Agra. 

A*  it  waji  rtfsigiHMl  to  draw  of!'  the  whole  of  the  water  in  the 
river  Jimtmi  at  Okln  duritig  the  ilry  sea-soii,  the  IhiI  of  the  river 
hi*lwei^i  Delhi  and  Agra  would  left  praetiiallv  dry,  all 
tiavigntion  by  the  nntnrai  stream  being  of  course  stopped.  The 
Agra  Canal,  thiTcfore,  htUi  been  made  imvignhle  thnaighout,  Mi 
'tliat  boiit^  i]uitting  the  Jtrnnta  ut  IVlhi  prtHVi'd  bv  the  eanah 
And  rejoin  the  river  through  n  navigable  channel  and  lock  at 
-Agra,  A  navigable  branch  al?w>  connects  the  main  caufil  with 
tlK-  |kopu]ous  city  of  Muftnu  and  an  exteiisicai  of  the  Delhi 
bmitch  nf  the  Western  Jumna  Canal,  to  link  it  with  tlie  Agni 
Canul,  WAN  also  designed.    Through  thi^  bnk,  when  the  Tunjab 

'  Thr  '  T,  i»  abbrcviolcrl  fiom  a  |'n(«.'r  un  ibc  cnmtroction 

ol  the  fts  .  Mr.  W.  GiKjtl.    Vol.  cv.  i*r(hf<^it»^s  of  insti- 
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system  of  canals  is  completed,  inland  navigation  will  extend 
through  the  watershed  separating  the  Ganges  and  Indus  basins, 
so  that  boats  will  be  able  to  traverse  the  whole  length  of 
country  from  the  mouths  of  the  Ganges  to  the  mouths  of  the 
Indus. 

The  Agra  Canal  was  opened  in  the  year  1874  It  has  a 
total  length  of  main  line  and  branches  and  navigable  channels 
of  134  miles,  with  nearly  600  miles  of  distributaries,  com- 
manding an  irrigable  area  of  240,000  acres,  or  375  square 
miles.  The  head  of  the  canal  is  situated  just  above  the  weir 
thrown  across  the  bed  of  the  Jumna  at  Okla,  This  weir  was 
the  first  made  in  India  in  a  river  bed  consisting  of  fine  semi- 
fluid sand.  It  consists  of  two  parallel  masonry  walls  26  feet 
apart  and  2428  feet  long,  laid  on  the  river  bed  itself,  without 
any  sunk  foundation.  The  space  between  the  walls  is  filled  in 
with  large  blocks  of  stone,  well  packed.  On  the  up-stream  side 
of  the  front  wall  a  heavy  protection  of  loose  stone,  40  feet  or 
more  in  width,  and  having  a  slope  of  1  foot  in  every  4,  is 
carried  from  the  river  bed  to  the  crest  of  the  wall.  On  the 
down-stream  side  of  the  rear-wall  there  is  a  wide  apron  formed 
of  heavy  stone,  no  less  than  180  feet  in  widtli,  with  an  easy 
slope  of  1  foot  in  every  20  feet.  The  total  width  of  the 
weir,  therefore,  over  all  is  more  than  250  feet,  and  the  main 
weir  walls  are  so  encased  and  protected  by  masses  of  packed 
stone  on  either  liand  as  to  be  quite  beyond  the  reach  of  any 
scouring  action  of  the  water. 

The  front  wall  is  8  feet  thick  at  the  bottom,  where  it 
rests  on  the  sandy  bed  of  the  river,  and  4  feet  thick  at  the  top, 
which  is  placed  at  7  feet  above  the  lowest  water-level.  The 
rear  wall  is  somewhat  smaller.  The  rise  of  the  river  in  times  ol 
high  floods  is  about  11  feet,  and  at  such  times  the  obstruc- 
tion presented  by  the  weir  causes  a  fall  in  the  surface  of  the 
water  of  between  3  and  4  feet.  There  is,  conse«.]uently, 
a  very  severe  action  on  the  down-stream  apron  of  packed  stone, 
which,  soon  after  the  weir  was  first  made,  did  a  good  deal  oi 
damage,  necessitating  the  subsequent  breaking  up  of  the  reai 
slope,  and  binding  it  together  by  additional  longitudinal  walls 
carried  through  it.  On  the  side  of  the  river,  where  the  canal 
head  is  situated,  tiiere  is  a  set  of  scouring  sluices,  to  preveni 
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Ihi-  ucx'iiniulntinn  of  saml  above;  and  (lu  enilmnkment  isL'arri«i 
nWng  tin*  rivor  li/mk  for  about  eight  nviks  to  prottft  the  mljoin- 
in^  larnih  fniiii  imjiitbiHoii,  ami  ti)  ]>rL*veiit  the  water  wmriri^  its 
wiiv  round  the  end  of  the  weir.  I'mm  its  regulatint;  bridge  at 
Okla  the  eaiiat  ftillows  a  course  nearly  }>arallel  with  the  Jumna, 
and  nl  no  point  very  far  frnni  it.  Tlie  tail  end  nf  tlit*  canal  is 
Id  luti)  the  riviT  lUongmi,  about  tweuty  inile>.  lu'lovv  Agra. 

So  fur  \mvk  fis  the  year  1855  a  seheme  was  |)n)posed  by  Uetirtt  Ci 
Cnf>tain  (jiflrrw/irds  Major-Cieneral)  Straeliey  for  a  eaiial  to  he 
drattii  froiu  the  left  bank  of  the  river  Hetwa  near  Pjirielin,  a 
jtoint  alKiut  tliirteen  niiles  eixst  of  JJianM^  tu  irrigate  the  tract 
iif  amntrv  Iving  in  tJie  angle  l>etween  the  lletwa  and  tlie 
'fumna,  in  ttie  t^entre  of  whieb  i>  Hie  town  of  ibiluun,  anil  a 
psrtv  ftometiuke  afterwards  appointed  to  investigate  the  huljject 
pt*ri<!Hxl  during  Ibe  Mutiny,  Nothing  was  done  until  the 
vcjtr^  \H(u  to  b%lJ»  when  a  detailed  projeel:  and  ehtimates  Here 
pn*|ittr**tl,  wtiieb,  however,  fell  to  ttie  ground,  and  the  scheme 
M  nbevanee  until  lH7ii-7;i^  when  further  studies  and 
<{vs  wvrv  made.  A  luatured  project  wtisi  Hnallv  saiietiuueil 
tta  fiiniine  '  pmtcTtive^  work  in  1H81,  and  the  existing  Ik'twa 
Canal  wiu*  opi  neil  In  tlie  vear  18H5. 

A  tine  MiaMJurv  weir  wjus  etaistrueted  acnis-s  tlie  lletwji  n(  a 
poinl  wliere  tlie  river  is  crossed  by  several  rocky  Iwrrier*,  The 
•  inr,  wliieb  is  uf  ^erpeMtine  fomu  taking  in  an  islanil  and  u  reef 
of  rocks  in  its  ])tLvsiige^  in  i*^U>  fW't  long,  int-luding  Uie  inland, 
uid  40(M>  fi-et  nf  clear  roti>^tructton.    In  height,  owing  to  the 
ifTi    (1     '  I  of  the  river  lx'd»  it  vjiries  from     feet  up  to  (H)  feet 
vsi  charua-L    At  right  angk>  to,  and  ailjuining  the 
A  set  of  four  under  sluicis  with  a  training  wall, 
iu  front  of  the  canal  mouth.     The  regulating  bridge 
the  entratiee  to  the  cjinal  has  tive  openings  of  (i  feet  eiu'h, 
pmridetl  with  sluice  gate*^,  and  dividi^l  by  piers  I  feet  tliick. 
The  cniuil  HtaH.s  with  a  Iwitioni  width  of      feet,  and  at  a  bltle 
iwer  twenty  miles  from  the  hemi  it  divides  into  two  main 
hnuirhcs  one  extending  to  the  <funnia  near  Ilamiqjur,  ruid  the 
otJKT  tailing  into  tlie  siinie  river  biglier  up,  nc/ir  Katiiatnid. 
Fmcn  the  Manuqiur  bniia'li  a  Hceondarv  branch  run>^  ti»  Kalpi. 

lite  eniuil  \uis  i\  mileage  of  niaiTi  tine  and  braiiclRrs  of  \QH 
niilrr^,  with  over  ^00  niilen  uf  distrilnrting  cliannels^  command- 
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ing  about  150,000  acres,  but  hitherto  irrigating  only  a  c 
paratively  small  portion  of  this  area.    Incorporated  with 
Betwa  canal  a  small  amount  of  irrigation  is  carried  on  from 
Jhansi  and  Hamirpur  lakes  through  about  70  miles  of 
tributaries,  irrigating  about  SOOO  acres. 
Canals.     The  remaining  minor  canals  in  the  North-west  Provi 
are  the  '  Dun  Canals,"*  the  *  Rohilkund  Canals,''  axid  the  *  Bi| 
Canals.^   The  Dun  Canals  are  situated  to  the  north  of 
Sewalik  range,  between  the  Jumna  and  the  Granges.  T 
are  five  principal  channels,  having  a  total  length  of 
miles,  and  irrigating  from  520,000  to  25,000  acres. 
Rohilkund  Canals  are  a  group  of  small  irrigation  char 
situated  in  the  Bareilly  district  between  the  Ramgunga 
Sarda  rivers.    They  consist  of  20  miles  of  main  canal,  ^ 
337  miles  of  distributaries,  irrigating  about  95,000  acres. 
Bignor  Canals  are  a  much  smaller  group  in  the  Moradt 
district,  having  about  38  miles  of  channels,  and  irriga 
about  9000  acres. 
1  re-        In  the  whole  North-west  Provinces,  up  to  the  year  188£ 
ort**-    there  have  been  constructed  by  the  British  Government ' 
Oaimls  miles  of  main  canal  and  branches,  of  which  535  miles  are  m 
able,  disseminating  the  fertilising  influence  of  water  tlm 
6646  miles  of  distributing  channels,  and  irrigating  two  mil 
of  acres,  or  3125  square  miles.    The  capital  cost  of  these  w 
amounted  to  i*8,059,300.    In  the  year  mentioned  above 
total  net  direct  and  indirect  revenue  derived  from  the  who 
the  provincial  canals  amounted  to  .£W0,563,  or  4*58  per  < 
on  the  capital  exjiended. 

The  accumulated  suqjlus,  after  deducting  interest  cha 
amounts  to  i^6H9,615,  or  over  8J  per  cent,  on  the  capital 
of  the  works,  due,  however,  to  the  Eastern  Jumna  Canal,  w] 
taken  alone,  exhibits  a  clear  accumulated  net  revenui 
<jP1,357,699.  The  total  value  of  the  crops  irrigated  by 
North-west  Province  Canals  in  the  year  1889-90  amounts 
no  less  than  ^^6,527,234.^  ' 


*  For  details  of  individual  works  in  the  Norih-west  Provinces  Appent 
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UI':St;AL  AND  CKNTltAL  IKDIA 

br;^aj  C^iuii^. —  New  cundieions  of  rninfalJ,  ttud  prculinrilics — Outlintr  of  Bcngnl 
OuiaI  system— Ori^  Canals — Delta  Canals  and  formatlDn  of  l>clia  bnils — 
Kdtl  India  Irrigation  Company— Dc^icri|>tion  of  Orissa  Canal  sj'slcm— Head 
*twka  and  weirs  at  and  near  Culliick— ^lidnafiore  Canal — Gcticml  course 
•ad  pulkular& — Sone  CaimU — Lflrgtst  scheme  in  Bengal— Ktitly  Iiivtory— 
IVscrtption  of  Sone  Canftls^OeuUs  af  weir  at  Dchrcc — Coi^iruclion — 
HidgtHcc  Tida!  Cafial — OrisAa  Coast  Canal^  rarticulnrs  of  works — Calcutta 
tnd  Ejiitcrn  Canals^ Saruo  Catial — Kdcn  and  MaiJhul>Qn  C»tials — <rcncml 
rr^ttlts  of  irri^tion  in  Bengal — Cealrii]  dixUict»  of  India — Colytiel  DIxqh 
dnd  tUjjiuiana  xauUf^ 

Piocxxnisii  now  to  a  con8id*?ratioii  of  the  vfirions  irrigntion  and 
oth  T  cvtiuiU  eurivtnicti^l  by  tlif  British  Govmiitieiit  in  the  pro- 
tinc''  of  Uen^l^  we  liiul  ourselves  at  the  outset  etinfronti^d 
witJi  ttii  t^itiivlv  nt'w  M.'t  of  cirruiii.sltuiL'us  ni\d  i:oiKiiUons.  As 
»<•  procTiHl  castwiirdA  from  the  irri^tc?d  districts*  of  the  North- 
west ProviiK't^s,  mu!  follow  thf  Gaiita^  rivt-r  towftrds  \i»  dcltn 
*t  the  haul  of  thf  Way  of  lk*ni;n.l,  we  tiiul  the  »vrrnjjc  nniiual 
niniall  gnuluolly  iiu-mtsin^,  and  the  iihsohiti-  iiwssitv  for 
irri|fiitioii  iKroTnin^  less  atid  le>s  (ti>ti!,  on  rt  avhirifj  i\w  extreme 
<ttMtcra  aidf  of  thi-  provitirt',  the  raiiifHll  is  mi  Itir^e  and  iinari- 
Mv  thni  nny  fiiiUire  of  the  cro|>s  from  ficart'ity  of  water  is  a 
amtin^'Oey  hithi^rto  unkiumiu 

In  IMmr,  on  tfie  vtef^tcrn  side  of  tl»e  province,  artificial 
imgtttion  of  the  soil  from  nunierovi^  wells,  Miiall  Mirfiiee  tankH, 
iiiuiuialioii  nouds,  hits  for  n^'s  1>eeti  eotnnioidy  pmcttseil^ 
r»pivi«lly  for  the  PxtenAivcly  grown  winter  eroph,  whith 
mnnot  he  eHieiently  euUrvated  without  a  regular  Mippiv  of 
wfttcr.  FnrttKT  to  the  south  iind  fiouth-east  an  increasing  rain- 
fall and  a  general  pn-vah-nt'e  of  wet-M'^nm  cultivation,  cnttKcs 
ArtiBcijil  irrigntion  tt>  \>e  more  and  mon?  a  nuntns  of  iinprove- 
mcui.  of  ('nliaiKYnieiit  of  Ihv  out-turn,  and  mi  insLirnjiee  u^aiu?«t 
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bad  years,  than  an  absolute  necessity  :  hence  its  introduction 
has  been  slow  and  difficult,  being  against  the  conservative 
tendencies  of  the  cultivators,  who  have  been,  and  still  are,  to  a 
great  extent  apathetic,  or  even  actively  opposed,  to  the  intro- 
duction of  artificial  irrigation — or  rather  to  payment  for  the 
use  of  canal  water.  In  the  district  of  Orissa,  bordering  the  sea, 
the  rainfall  is  usually  large  and  ample  for  the  rice  crops  which  are 
mostly  grown,  but  sometimes,  at  long  intervals,  a  total  failure 
of  the  monsoon  occurs,  and  from  the  formerly  isolated  position 
of  the  district  such  times  have  been  attended  with  the  most 
disastrous  consequences,  as  in  the  terrible  famine  of  1866. 

In  this  part  of  Bengal,  as  elsewhere  over  a  great  part  of  the 
province,  although  the  out-turn  of  the  rice  fields  is  greatly 
enhanced  by  the  systematic  and  regular  employment  of  an 
unfailing  water  supply — and  is  absolutely  dependent  on  it  in 
bad  seasons,  the  expense  of  canal  water,  even  at  the  lowest  rates, 
is  sufficient  to  create  in  the  minds  of  tlie  peasants  a  strong  dis- 
inclination to  use  it,  and  a  disposition  to  trust  entirely  to  the 
ordinary  chances  of  the  annual  rainfall.  On  the  eve  of  the 
famine  year  1866  a  new  assessment  of  the  land-tax  was  impend- 
ing in  Orissa,  and  a  popular  saying  of  the  peasants  is  quoted, 
which  at  the  time  became  famous,  as  follows :  *  It  is  better  that 
one  or  two  of  us  in  each  family  should  die  of  famine,  than  that 
by  using  irrigation  for  our  land  we  should  give  the  government 
an  excuse  for  raising  the  tax  on  ourselves  and  our  children  for 
generations.'  Of  late  years,  however,  some  of  this  prejudice, 
and  alxsence  of  intelligent  foresight,  has  been  slowly  overcomt\ 
although  much  remains  to  be  done  before  a  knowledge  of  the  full 
benefits  and  advantages,  insured  by  an  unfailing  water-supply 
for  puqioses  of  cultivation,  is  likely  to  be  at  all  widely  diffused 
in  Bengal. 

From  the  above  and  other  causes,  amongst  which  to  the 
circumstance  that  most  of  the  large  irrigation  projects,  as 
carried  out  in  the  Bengal  Province,  are  truncated  and  con- 
tracted portions  of  larger  schemes,  each  provided  with  initial 
main  works  capable  of  dealing  with  a  far  greater  quantity  of 
water  than  has  hitherto  been  actually  used,  and  consequently 
much  more  costly  works  than  if  they  had  been  originally  de- 
vised to  irrigate  only  the  smaller  area,  the  financial  working  of 
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the  Ik'H^l  irrif^iitioii  i-auiils  luus  iiul  rt-s  yet  Ihtii  h  success, 
Tbeiv  »]ijK-«r»,  liowE'VLT,  little  reason  to  doubt  that  iii  course 
fjf  (inK*,  a»  tlu'  dfiMiuiil  tor  wuttT  iiicrcrtscn,  anil  tlif  iiirtvinuini 
duoiImt  of  dtstriliutHries  t.-aixiblt*  of  l)cing  f&d  fruiii  tlu*  main 
channels  are  called  for  and  construttcil,  the  canals  nmy  Ih^couh* 
'■oiniiuTfiuilv  rciruJiicrntive, 

lit  tljc  Province  of  llengul  there  are  three  cariHl  s\\stetiis  i»f 
Urpf  (rize  and  irnjH»rtnnci%  all  of  wliicli  eoniliine  imvi^ition 
«ith  irrij^iition.  Thi^e  are  the  '  Orissa  t'luials/  the  ^Midnajmr 
(AniiLi,*  ami  the  *Soiie  Canals.'  In  ailiiitii>ii  to  the^ic  there  are 
Ihmr  cwmls,  which  are  eutlrely  for  navigation  purposes,  viz., 
thi*  Hid^ellot*  Tidal  Caiiul,'  the  *  Orissa  Coiist  CanaP  in  con- 
lihuation,  and  tlie  *  t'aleiitta  and  K*isteni  (_anaU.'  There  are 
hIm  three  snmll  systeniH,  viz.,  the  '  Saj'un,'  the  *  Eden/  and  the 
'    -'  canals,  mostly  for  irri;*iitlon  purp^st-s,  and 

^    ,i.«a  rivers  system*"  the  works  on  whieli  are  designed 
tile  improvement  and  uuiintenance  of  the  river  chatmek. 
Hud  to  ticrun'  n  continuous  supjilv  of  water  from  the  Ganges  to 
tile  Hoo}{ly  to  facilitate  navig^ititin. 
11  The  *Orifisa'  system  of  eanaisi  irrigate  large  tract-^  in  theOrisan  Cm 
tif  the  Mnhauiitti  and  Dralurumi  rivers.     The  tenn 
.  .  is  Uj«ually  a]>plied  to  that  t"an'slm|KtI  areji  of  country 
which  lita*  !>etween  the  two  main  hranches  of  the  series  of 
chwinck^  into  whieh  lart^e  rivers  break  up  on  entering;  the  sea. 
Thifc  Iraet  of  country  in  geia^rjdlv  formed  somewhat  like  the 
ItTrA  letter  'deltn^  (A)^  hence  the  name  fjiven  to  it,  'Ilie 
lit>wever.  Htrictly  includes  all  the  laml  at  the  nvor-mouth 
i  liv  overllow  <jeposit  fnuu  the  river  itself, 
'Ihc  foniiation  of  a  delta  is  a  continued  process  of  land  for- 
tioiL.  incL*vwu»l!y  "i^oiti^  on  at  the  tiiitutli  of  every  lar^  river 
;ing  down  ^reat  <iuantities  of  matter  lieht  in  siispm^sion  in 
ibimtrr.    If  we  eimhl  accurately  meiLsure  the  preci.sc  i|uaiiiity 
wild  nuitcniU  m)  hrou/^ht  down  vwry  year  tiy  any  river»  we 
be  alile  to  measure  the  exact  rate  of  the  growUi  of  it* 
irlto.*    A»  M)on  as  the  river  joins  the  kil,  the  *  silt  *  or  solid 
cutter  brought  down  by  its  flotnl  water  \»  hlowly  de|>o!*]ted. 
In  pVixiTfv  of  1  ime  a  spur  of  land  is  built  up,  which  j^rmhially 
iiigbrr  uid  higher.    The  velocity  of  the  water  becomes 
and  won*  checked^  antf  the  deposit  during  the  hight*:«t 
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flood.s  mIowIv  builds  up  the  adjoining  land,  and  forms  hankie 
whicli  are  only  ocwuiionally  top[R*d  by  the  river,  wliichj  (*o  lon^ 
us  it  contiiuies  rcjiiflned  to  itn  chaiincl,  carries  much  of  its  smlid 
mdterial  fartlier  aiiil  farthtT  out  into  IIk*  tiea^  li'ii^lifiiiug  the 
spur  of  new  \m\d.  Presently  th<*  dischnrgc  outlet  of  tJic  riwr 
hmmies  so  impeded  hy  the  niisi'd  It'vt'l  in  its  front  that  during 
somv  exlrn  high  Hmnl  the  ^xmk^i  are  burst,  and  n  now  diaunel 
or  chaTineLs  are  scoured  out  in  the  ncwiy-njadc  f^und.  Such 
chaimt'l  or  ebminels,  which  ,soon  Iwcouie  iiinwirtant  rivtT 
liraiK'lics,  tiikc  tht'  most  liirect  and  shortest  votid  to  thtr  stfa. 
Aft  time  goes  on,  the  process  re]>eata  itself  in  the  new  bnuiche* 
themselves,  atul  other  channels  are  then  soceesMively  scimred 
out,  ench  in  its  turn  Unilding  up  new  land  in  its  vicinity*  which 
thus  Ijecouies  spread  out  into  a  fun-shapeil  prominence.  'live 
whok'  delta  continues  to  extend  itself  farther  and  farther  into 
the  sea  at  a  slowly  duniniishiiig  rate,  mitil  the  wuiiriuf^  away 
and  transporting  action  of  some  oceanic  current  may  Jwilance 
the  amount  of  deposit  hrought  down  hy  the  river. 

The  irrigation  af  the  Malianadi  and  UraJmiani  deltas  wan 
first  suggested  alwut  the  year  1858  by  Colonel  {afterwards  Sir 
Authur)  Cotton,  who  drew  up  a  scheme  intended  to  irrignte 
alnnit  2J  uiillton  aere^,  and  c*iirjpi'ised  miles  of  navigation 
channels.  In  tlie  year  IHfll  a  company  calted  the  *  East  India 
Irrigjition  Company  '  was  formed,  wliieh,  under  contract  with  the 
Government,  imdertook  tt>  execute  in  the  Oeltas  extensive 
works  for  irrigation,  the  o|iening  out  of  counnunications  and 
the  protectifHi  of  the  country  from  the  severe  Hoods  to  whirli 
it  wfLs  pi^citliarly  liable.  In  this  distnct,  which  is  almost  ft 
level  plain,  the  average  annual  rainfall  in  as  higfi  as  57  inclu'^; 
but  the  eidtivation  consists  almost  eidirely  of  wet-sea«<)ii  crops 
consequent!  V  any  failure  or  earlv  cessation  of  the  rains  kWs  la 
inevitable  disaster,  and  the  main  object  of  the  works  which 
were  intrusted  to  the  fonipany  was  to  ensuiv  a  large  nrej*  of 
conntrj'  against  recurring  risk  of  fatnine. 

Tlic  works  were  commenced  in  lH(i3;  hut  the  prognw!  imd 
development  of  the  scheme  proving  unsatisfactory,,  in  the  vttur 
IHGH  (he  (*ompanv  ^'a^^  Imught  out  l)y  the  Governtnent,  mid 
the  whole  projt*ft  wtiii  revist'd  and  re-estimated.  Under  the 
Hcheme  n-^  actually  initiated,  the  t)rihsa  canals  were  inlemlwl  to 


lUHIGATION  WORKS  IN  IVUIA 


173 


rmL'ntc  1.1+7.000  acrcH ;  but  tiu*  prtijct'l  mjls  cvcntimlly  so 
'  .!:f  .u[i^l  thai  the  works  as  now  eoniploted  and  conteinplatod^ 
nHiiiiiAixl  an  JiriTi  nf        little  owr  .5l>0,000  aero.    Tlii?  Orissii 
mual  sv?*teiii — unlikf  ttie  gnnttLT  jmrt  of  tlionc  Hyslt'ius  which 
liavf  lately  d^'MTihwl  hi  tht-  I*iiDjab  iind  North-west  I'ni- 
rinces — does  not  consist  of  a  single  main  cjinal^  ^J'^'iiig  "f^* 
nuiiKTuux  bttcni)  hrniK'lit^,  btit  t'oti.sisU  of  several  iletacheil 
nuiaU,  derived  fnm  tlie  ^tahftTimli  or  its  ottHhoots,  at  the  he«ul 
IX'Un,  from  wlijcli  point,  as  fmni  at'tMitrc,  they  raJi^lt^\ 
K  .    I 'read  out  liko  the  ribs  of  a  fan,  following  a  general  course 
.  1'  A\v\  Xxt  the  IV'Ha  streams. 

*liu*  hiwi  work?*  of  the  hvsteni,  which  consihts  of  sovenil 
»*'ir«  iintl  canal  hemls,  lie  at,  and  alxiut,  C'uttiK^k,  at  a  short 
distance  below  the  point  where  the  Mahanadi  issues  from  the 
U»e  <)f  hilU  along  the  coast.    The  weirs  near  Cuttaek  arc  tfiree 
in  numbiT.    The  Hrst  i^  situated  a  few  miles  above  the  town, 
lit  N&raje^  and  is  throwti  across  tlie  *  KutjtKjnv*  ri\er,  close  to 
the  point  when*  this  hratirh  bifureates,  ami  leads  off  fn>m  the 
rig))t  bank  of  the  Alahatjucli.    The  Naraje  weir  h  S(j<X)  tlvt 
tmiK^  and  12  feet  high  aliave  the  river  lied.    During  high 
^id^  lo  to  IH  feet  in  de|>th  of  water  pa.s.seH  over  the  sinnniit 
iiT  *cTip?vt'  of  the  weir  wall.     Near  the  right  hank  a  het  uf 
4uicvi4  !Mjpptie>  a  channel  conveying  water  to  the  town  of 
(^uttJirk.     'Ilie  weir  h^w  no  ennal  head  aliove  it,  its  objwt 
bvin^  tuorelv  to  regulate  the  tpiautitv  of  water  allowed  to  pa^s 
ili>«ii  (he  '  Kntjuort^V  or  the  niuiu  Mahamicli  chauneK  respec- 
'      T'    '  rtical  nia'ionry  wall,  VZ  feet  high,  forming  the 
.1.       j  r  ,'  Lv  U^i  on  the  up-stream  tiidc  by  rough  blwks  of 
<t«iir  foniitng  a  fitope  of  about  J2  to  1.    On  the  dowii-stn'ani 
sde,  llicrv  is  an  apron  of  rough  slone,  varying  frnm  1^0  to 
JOO  feet  wide,  coin|J*>»ed  of  ver>'  huge  stonc-s,  each  aU)ut  tw<j 
iooM  ill  Weight.    The  k1o|h'  is  broken  up  l>y  twti  masonry  walk* 
nmning  |inrallel  to  the  main  weir  wall,  and  by  numerous  crosfi 
vilk  running  at  right  angles  to  the  suue,  tluiH  divitling  the 
apron  into  a  «'ric*  of  rectanguhir  cotnimrtnients,  into  which 
Ifi-         ^  "tone  i»  carefully  parktHl. 

i«ml  weir  is  acrtK*.  the  Maliaimdi  itself  at  Cuttack. 
Il  i»  feet,  or  al)out  1|  uiileH  long,  luid  1^  feet  in  height 
Above  the  lovf-Wttter  level  f>f  the  river*  which  rises  over  liiO  feet 
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in  high  AockIs.  The  weir  h  foriiu-ti  of  tlirtn;  vcrtiritl  lui 
fiandlel  walls,  foundtil  on  circtihir  veils  6  feet  in  diaini 
sunk  (>  ft*et  into  the  rivt-r  hcd.  Tlur  wjwce  betwxvn  the  witlU  i 
(illeii  in  with  roiigli  stone,  (inislicfl  off  nt  the  top  with  blocks  o 
stone  of  large  size,  spt  on  eclgc*  with  an  inclination  towards  th 
eurreiit.  In  the  centre  of  the  weir  ii  set.  of  si-ciunn'T-fihiiecs 
provided,  having  wide  bays  or  openiitgs,  50  feet  in  widtl 
Ktted  with  folding- lim:k  gates  or  shutters,  oti  the  French 
tenu  nearly  siniilur  to  those  described  further  un  in  the  ease  o 
the  Sone  weir.  There  is  iiho  a  lung  set  of  *  under  ^  or  seonrin 
sluices,  on  the  rif^lit  fiank  of  tlie  weir,  adjoining  the  regtiLito 
of  the  *  Cent  ml  Delta/  or  *  Tnlundnh '  cunul,  wliieli  \n\ivs  n 
at  this  point.  The  Tfdundah  canfll  is  }^  miles  long,  and  no 
far  from  its  head  it  gives  off  a  main  branch  calletl  the  *  Mach 
gong,*  32  miles  in  length. 

The  thiril  ^vcir  is  tlirown  across  a  second,  und  left  brancfi  r 
the  Maliantuli 5  called  the  *Iieropa^  river.    This  weir  is  11 
feet  long,  and  9  feet  high  in  the  deepest  part.    In  construetio 
it  is  similar  to  that  over  the  Mahanadi  at  Cuttack.    From  tli 
pool  above  tlie  Bero]>a  weir,  canals  are  taken  off  from  hot 
sides.     It  is  therefore  provided  with  two  sets  of  scourin 
sluices,  adjtiiniiig  the  canal  heads.    The  canal  drawn  t»lf  fnm 
the  right  Iwink  is  the  *Kendrapumi'  Canal,  55  miles  loi 
giving  off  two  main  branches,  vi/,,  the  *  Fatamoondi,*  4-7  mileft 
Iting;  and  the  '(lobree,"'  21  miles  long.     The  Kenilrapumi 
elianntl  runs  parallel  with  the  left  bank  of  the  main  Malinnad' 
to  Jumhoo,  on  the  sea  roast.    Tlie  second  cjinal  drawn  o 
fmm  the  left  flank  of  the  Beropa  weir  is  the  'High  level  canals 
miles  long.    Tliis  channel  traverses  the  foot  of  the  high 
ground  from  CnttAck  to  Bliuddruck,  and  forms  a  connection  in 
its  pjLssfige^  iK'tiveen  the  Malwuiadt,  Brahnmni,  and  Uytum 
rivers,  obtaining  from  the  two  last-mentioned  streams  a  supple 
mentary  supply  of  water  by  meatiH  of  two  secondiiry  weir, 
thrown  across  tltem.    A  small  independent  canal  itk  miles  long 
called  file  *  Jajepore/  is  also  led  otF  from  above  the  Hytum 
■^veir. 

'llieOrissii  HVKtem  of  canals  and  distributaries  is  not  yet  full 
completed.    A  t  tlie  end  of  the  year  18[H)-91  it  hud  a  total  length 
of  main  and  brunch  canals  of  25^  miles  (t>f  which  177  miles  a 
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navigulile),  w4th  7(i5  miles  of  distributing  channels.  In  tlit^ 
flame  veiir  it  irri^Hted  189,299  acres.  When  the  project  is 
completed,  iis  at  present  contemplated,  it  will  have  n  iobi\ 
Ivn^h  nf  iimin  canal  and  hraiiclies  of  SSi  iniJcf*,  with  ^147 
milui  of  Jbitributiiries,  and  will  Ik*  cHpiible  of  irrigating  nearly 

The  *>!idnji|>ore  Canal,'*  the  Hrst  portion  of  which  was  o^jened  Midnapo 
io  1871,  fonned  a  portion  of  the  original  Mchome  for  irrigation 
ni  '        '  Ml  ion  cjuinls  in  Ueiigal,  uiulertjiken  Ivy  the  Kast  India 
In  .  (  ompiun,  hy  vhich  Ci)n)])4iny  the  works  were  coni- 

Mcoocd,  but  they  were  evcjitually  tinishetl  by  Cjovernnifnt 
agvncv.    The  canal  fantijsi  a  navigable  connection,  through 
tJ>r  IIi»o^hlv,  iK'iween  Midriapore  and  Calcuttji.    It  is  derivett 
fkmi  tlie  CosHve  river,  from  alx)vc  a  weir  wliich  lias  been  cou- 
tftnictni  at  Midnapore.    The  tobil  length  is  diviikni  into  four 
detadiod  portion*.    Tlie  first  length  after  a  n>urse  of  li5  uiile^ 
nj^in  joins  a  U>wer  reach  of  the  Cossye  at  I'ancfikoora,  where  a 
^*ctind  weir  is  built  aereiss  the  stream.    After  crossing  the  river 
iKriJU^i  entr/uice  and  exit  Imks,  the  second  leng^th,  12  inilt^ 
loop.  U  Kvkixi  into  the  R<M>|niurHin  river,    l''ive  miles  lower 
donn  ihr  H<M>pnarain  channel,  the  C4inal  a^ain  leaves  it  by  a 
Wk  on  the  opfM»lte  l»ank,  and  the  third  kugtlu  after  a  short 
^tnteh  of     miles,  reacheti  the  l)au«x>dn  river,  which  it  aW 
wiU-n*  luid  leaver  by  h^iks  on  either  batik.    The  ftnirth  lengthy 
*  miles  long,  bikes  the  canal  to  the  lliajghly,  which  it  entei*K 
Iwrii  Itx^k  at  OoloobcriiU    From  this  point  t<»  Calenttit  by  tlie 
Hiug^v  channel  the  distance  is  17  miles 

The  M(dna|K>re  system  of  main  and  branefi  canals  hiis  a  total 
kngtli  of  7!4  nnU-s,  all  l>einj^  navij^able,  and  IVJJ)  milrs  ofilis- 
ftributin^  chaimels.  It  eomniands  an  irritable  area  of  IKO^HX* 
*cTr»,  but  actually  irrigates  from  80  to  100  thousand  acTes, 
MTording  to  the  season  ;  nearly  the  ^i-ludt*  of  tlie  irri^^atiHl  crop 
ingof  rice.  A  large  jHjrtion  of  the  reveime  rt^ceipts  fron* 
canal  is  derived  from  the  navigation,  includin^r  the  traffic 
^nrkcd  l>y  the  alcanicrs  of  the  Odcnltu  Steam  Navi^ition 
CmnjKUiy. 

Bv  far  llw  largest  scheme  f*>r  irrij^riition  in  the  Benjfjd  Pro-  SaneC 
IS  the  !*V!<teni  of  '  Sone  CanaK,'  irrif^atiiif^  an  extensive 
lii.i. pillar  tract  of  country  lying  Month  of  the  (Janges.  Tlu- 
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nt>rthei'ii  iMhe  uf  the  triangle  extends  from  Patim  on  tli 
east  to  UilJaniapir  on  the  wt'st,  tlit*  npL-\  lyitit;  at  Drlirtr, 
on  the  Sonc,  about  25  miles  fi*om  tlio  }>oint  where  tliat  river 
issues  from  the  Kjmore  rriii^  of  hill»,  aiitl  dose  to  the  tiiw 
eausewfty  on  which  the  Grand  'IVunk  ro«<l  crosses  the  Scratt 
river. 

The  first  suggestion  for  the  irrigation  of  the  districts  wert  0 
the  Sonc  wns  nimle  by  Lieut,  (now  Major-General)  C.  II.  Dickens, 
In  the  yenr  1853,  who  pn>j>t»sed  to  employ  storaji^o  reservoir* 
situated  ill  the  hills  to  the  M>uth.  This  idea  Ha»,  fiowever, 
aliiiudoncd,  and  a  j>roject  for  iitili^^in^  the  waters  of  the  Sont* 
ri\er  was  siibsstituted.  Li  IWGJ^  an  offer  Wiis  made  by  the  Eubt 
India  Irrigation  C<n«|iany  to  carry  out  tlie  wurks,  and  a  very 
hira;e  amplification  of  the  original  projxjsjil,  by  meaiis  of  whidi 
connections  woiihJ  lie  made  witJi  AUa}ial>iul  un  thv  west,  wiii 
with  the  Hoogly  on  the  east,  was  mooted,  but  the  schemi! 
was  considered  l>y  the  Govennnent  to  be  of  twi  cNtensive  a 
character.  In  1864  an  agreement  was  entered  into  Mith  the 
company  for  the  construction  of  a  restrietwl  By«teni  of  irri^- 
tion  and  navigable  canals,  more  in  accordance  with  the  oripiiwJ 
j>roject,  lying  tti  the  stuithward  of  Tatim  on  the  ea.st,  and  of 
Chunar  on  the  west.  The  company,  however,  failed  to  TM^e 
the  neivssary  capital,  and,  after  some  negotiations,  the  ])roject 
was  taken  over  by  the  Government  in  1H<>8;  tlic  small  ex- 
penditure  of  i.^l4»0(H>  incurred  by  the  coni|>any  in  prelimiufin 
operations  being  refunded.  In  1869  the  wf»rks  were  etJin- 
menced  by  tlie  GovLTiunent,  but  in  1871  it  was  dcvided 
restrict  tlie  bcope  of  the  sclieme  to  tJie  limits  as  now  a(.tii>llY 
carried  out,  principally  owing  to  eons  td  era  I  ions  connected  with 
tlie  seasonable  siipjjly  of  water  t*)  be  deriveil  from  the  Si>m' 
river.  The  8one  Canals,  in  outline,  consist  of  the  followiitjr 
works.  A  nifignifioent  weir  across  the  Sone  at  Deliree,  front 
above  which  two  main  canals  are  led  off- — one  from  each  bttoL 
That  on  the  east  side,  or  the  'Main  Easteni  Canal,"  in  a  stbflrt 
navigable  connection,  7J  mile*  long  only,  frtun  the  Stjne  to  th* 
Pooiipoon  river.  From  about  the  middle  of  this  length  tlie 
*  Patna  Branch  Canal,*  79  miles  long,  and  niivigal)lc  tlirou^li 
out,  issues  J  and  is  carried  nearly  parallel  with  the  east  bank 
the  Sonc  to  the  Gangers  near  Dinapore.    This  braucli  in  i 
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cooTtC  lu  the  GttiigCH  ilesot-'titls  through  thirteen  lockii;,  ami 
irri^c*  by  iniwuis  of  numerous  minor  channels  the  dihtriets 
'       ^   '   '  en  the  Sone  ami  tlie  Pounpocni  rivers.    Tlie  seeoiul 

 off  on  the  wi-at  fljink  of  the  weir,  or  the  ''Main 

Western  Canal/  is  alsti  of  the  short  length  of  U\  h  miles.  At 
tttr  Uni*  mile  the  •Arrnli'  navigable  hraiieh,  65^  niilcs  h>n^, 
]inujehi*ft  off,  tuiti  rum  with  a  fiurly  straight  course  to  ArraJi, 
Ifntiinuting  in  the  Gutigi  nala,  which  cominnnicates  with  the 
GaiiireH.  There  are  thirteen  loeks  on  this  branch,  witli  an 
iX(;jrn*g;tte  fall  of  161  feet.  Fn>m  its  wesLeni  bank  two  large 
irri^^ition  l>ranrhes  is.sue,  viz.,  the  'Diniiaon'  branchy  40\  mile?) 
'    .  the  ^Rehea"*  hrnneh,  31  miles  lont;*    At  the  ninth 

;  Main  AVestern  Omul  eio^isew  the  Kao  river  by  a  large 
masanry  aqueduct,  and  at  Hie  twelfth  mile  givts  off  the  * Huxar 
nav^hle  hraneli,  •l-5^  niileA  Jong,  extending  to  tlie  Ganges  at 
Bosar.  On  this  branch  there  are  twelve  locks,  with  an  afCgn- 
|pat4?  full  of  154  feet.  At  the  niiictet^ntii  mile  ihe  Main  Western 
Crt  '  ^  !■>  f>fF  the  *  ChoiVHit' irri^ititiri  branch,  uiilen  lon^, 
n;,  into  the  KarunnutMi  nala  a  few  mih-s  Miuth  of 

Dikianuiipir  <;t/itioii  on  the  East  India  Railway. 

Tlie  wholr  M'stem  of '  Sone  Canjils*  eansist.-*  of  Jl67}  miles  of 
main  and  hnineh  eaiials,  of  whieh  ^IHA  miles  are  navigable,  and 
1<|B|  are  exela'^ivdy  for  irrigation.  There  are  also  li21l  miles 
of  ilistribufiny;  channels.  The  area  commanded  by  the  system 
to  1,72SvjO!»  aeres.  In  the  year  1H84-S5  the  canals  irrigated  a 
naximiini  <if  in<Mi<jl  acres,  hut  the  average  urea  irrigatetl  for 
the  ten  years,  18K1  18S)1,  is  2«)il,15^i  aerts.  Hitherto  the 
Sonr  »y»teni  ha»  yielded  no  rt'tuni  on  the  eapibd,  inchLsive  of 
intemt)  K|H*Tit  on  its  eou.struction. 

Hic  KiU*  of  the  en<>rmous  weir  ac  r4f''H  the  Sone  at  Dehrec  is 
dxrat  600  yardit  alKivc  tlie  Grand  'IVuiik  Uoa*i  enuseway,  It 
if  the  longest  weir  in  one  uninterropUtl  line  of  mai!oiir>-  that 
Imu  yt-l  been  anywhere  con&trueteil,  the  lotjil  length  U-tween 
the  abutnient-H  Iwing  l!2,5oO  feet,  or  nearly  2J  mile*,  and  it« 
COCwtntction  invohixl  the  carriage  and  bnildhvg  up  of  750,000 
iocs  of  frtonc.    At  the  [K>int  where  the  weir  enwM-s  the  8*inc 
rivrr  has  a  clear  e*>ntiniious  waterway,  with  no  islands  in 
'  Uannel  to  contract  the  length  of  the  artificial  work.K. 
i  iL  tiaiibi  on  either  m\v — whieh  are  high — are  not  ovcrtopj**  d 
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by  the  liigliest.  floods,  and  the  IhhI  (if  tlic  river  is  compiised  oi' 
ctmi'Sf  sand  and  pt'bblt's. 

TliL*  weir  cmisisis  of  iUwe  pn.rullf]  walls,  9  fet-t  high,  uIhjvi* 
the  bed  of  the  river,  the  spuce^  between  the  walls  bein^  (illcd 
in  with  rou^h  stone,  (iiiislied  ofl'nt  the  top  by  a  course  of  hir^iy 
aanilsUmc  hlockn  reguLirly  laid.  It  is  lountlod  <in  a  series 
of  lioUow  rtvtangidar  bloeks,  or  *  wells/  of  rubble  baiidstcme 
tnasonrv,  stnik  to  a  depth  of  about  10  feet,  and  the  hollows 
lilled  in  witli  eoneix'te.  The  bltK-Lft  are  10  feet  by  6  feet 
in  outside  dimensions,  with  walls  15  incites  thick.  To  ppeveat 
them  from  sjilittino;  during  tlie  prtxvss  of  Hinking — ^whicb  wa-* 
eHeeted  by  the  use  tif  niechanical  excavaton*  taking  out  the 
river-bed  material  from  the  central  lioUow  spaces — sets  of 
blocks  were  tieil  to^etlier  by  an  armrj^enicnt  of  iron  nxls, 
so  contrivwl  llmt  as  soon  as  the  set  wti*  sunk  the  rods  could 
be  withdrawn  and  utilised  for  the  next  aet.  On  the  up-stream 
side  of  the  front  wall  there  is  a  protective  tslope  of  rou«;h  stone, 
having  a  sh>pe  of  S  Ui  1.  On  the  down-stream  «ide  tlie  weir 
*  apron/  about  100  feet  wide,  extends  with  a  slope  of  1  in  10. 
There  are  three  sets  of  '  under  ^  or  scouring  sluices  in  the  l>od>  ^ 
of  tlie  weir,  each  set  500  feet  long ;  one  in  tlie  centre  of  the  ^ 
river  and  one  adjoining  each  bank,  just  below  the  head  sbnc(*is  *^^fl 
the  two  canals  led  off.  These  under  jjluices  arc  con&tructed  with 
openingSj  or  bays^  of  ^0  feet  each,  and  the  bays  are  opened  or 
closed  by  two  Keta  of  folding-back  shutters,  or  gates,  the  front 
set  howg  fitted  with  holh>w  iron  backstays,  or  struts,  which 
act  a3  hydraulic  brakes.  When  the  .shutter-■^ate.s  are  down  the 
hollow  tube  fomnng  the  l>acki)tay  filb  with  water,  but  in 
moving  the  shutter,  either  up  or  down,  the  water  U  forcetl  out 
of  a  small  vent  hole  by  a  movable  piston,  or  plunger.  The 
resistance  of  the  water,  ehcai)ing  only  throiigh  the  small  holc» 
acts  as  a  brake,  and  [irevenU  the  stjdilen  sliocks  apt  to  be 
caused  by  the  force  of  the  current  agains.t  tlie  shutters  whiLd 
in  motion.  The  depth  i»f  water  [jas^iiig  over  the  Sone  weir 
during  the  highest  Hoods  is  7  feet^  with  a  maximum  velocitv 
of  about  8  miles  an  hour. 

The  *  Hidgellee  Tidal  Canal,'  the  'Orissa  Coast  Canal,'  and 
the '  Calcutta  and  Kastern  Canals,"' are  navigation  chamiela  only. 
The  iirsts  liaving  the  OrLssa  coast  uinal  in  [irolongation,  com- 
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uicnccs  on  the  right  bank  of  tin.'  Hoo^lilv,  just  below  the  juiietion 
of  thi*  HrHiprtarniii  KivL-i*,  and  the  two  eaimLs  together  sL-rve  to 
coniu'ct  IIr-  HiMi^lily  with  tlit'  WTiti-'r  system  of  Orissa,  The 
Hiiigt  lUi' Tithil  Cumi]  is  iJD  iiules  long,  divuled  into  two  lengths 
— one  of  11  iniles^  from  tlie  Hwghlv  to  the  HuUlee  River,  whieh 
it  mi.v*c-s  thr<nji{h  h>eks  on  either  hank — and  the  other  of  18 
niilvTi  fnnn  the  HtiUlee  to  the  Russulpore  River,  whieh  it  enters 
bv  a  lock  nearly  opposite  another,  adit^itting  entrance  into  the 
•  C>rw*«  Cottst  Canal,*  whieh  latter  thenee  extend-s  for  a  distance 
of  97J  mile*  in  a  wnitli-weskTly  direction  through  RjOasore, 
kcepinji;  n>ughly  parallel  witli  the  sea-coast 

Tlir  f)nssn  <'(wtst  Canal  wjls  fullv  opened  in  the  y^ar  ()n«sa 
It  14  dit  itletl  into  tliree  ranges  or  sections')  hy  locks  at  the 
paMgcv  of  two  importiiiit  rivers,  viz.»  the  *  SiKjhamrekha  **  and 
the  *  BurfHdh>ng ;  *  the  middle  section,  or  that  between  these 
two  ri\er>,  [)eing  di\idi*d  into  two  sub-seetions  hy  W^ks  at  the 
cn>«5ing  of  the '■Panchpiira'' River.  Tlic  lengths  of  the  three 
n  sections  are  i5G,  SiJi,  and  SS  mik\s  respectively^  the  suh- 
ions  in  the  nn<(dle  mnge  I>eing  IT  and  ndleM. 
The  works  consist  of  the  above-meiitioneil  separate  lengths 
of  «imp1e  canal  with  level  IhhIs  connecting  the  riverN  named, 
proridixl  with  terminal  locks  at  eat*h  extremity  to  retain  iit  the 
mnnf'*  the  rwpitsite  depth  of  water  reipiintl  for  the  nnvigatioit 
The  bottom  width  of  the  vnxml  varies  from  46  to  50  feel,  and 
the  Eutninmni  depth  of  water  retainetl  is  7  feel.  The  canal 
tmbnnkineiit<«  are  carried  to  a  height  of  !i  ft.*et  above  the  highe&t 


During  the  dry  season  the  canal  jteetiou-^  are  fed  by  tlic  tidal 
Wlm  of  tile  ditlerent  rivers  connected  by  tlienij  and  during  the 
ni  V  ,-,,ri  the  dr?iinage  intercepted  by  the  canals  themselves 
i»  Tlie  navigation  terniinules  on  tlie  lell  Iwink  <*(  the 

Mrtai  River  in  Orisisa  (about  15  miles  from  Uhuddruck)  in  con- 
DvcUou  Willi  the  inland  wnter  system  of  the  district. 

Tlir  *  Calcutta  an*!  Eastem  Navigation  CanaU '  have  an  Ckk  a 
ajilgrcgate  length  of  47  miles,  and  j*erve  to  maintain  J^'^J'^^^' 
Catian  bi4ween  Calcutta  juid  the  Eastern  districts  of  Ihiiiral, 
Ihmugh  the  ntnnerou!%  channcl?i  of  the  Sundarlt/mtls. 

The*  Sanin  ( «uiid  Scheme '  in  a  iimall  irrigation  and  drainage  Soruu  Vnnid, 
■ntciD  on  the  Gumhak  River^  cubs  from  which  supply  water 
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to  numerous  old  channels  which  intowect  the  dUtrict.  The  dis- 
tribution of  the  water  h  unilertakeit  by  the  landhoUli'nt  aiut 
pkntifrs  immediately  conccnied.  The  leiijrth  of  main  line  and 
bmac-he^t  is  ID  miles  unlv,  in  addition  to  ivhit-h  alxiut  28  mile» 
of  supply  chnnneL;  are  maintiiiued.  The  system  eonimaiKU  an 
area  of  fi4,000  acres^  the  area  aetually  irri^ted  being  very  much 
less  tlmn  this,  hut  varying  gruutly  from  yotxr  to  vear. 

The  '  Eden  Canal '  is  a  small  work  f(»r  fliislnng  some  of  the 
streanw  iti  tlie  Uiirdwan  district  with  water  from  tlie  Damooda 
Uiver,  chiefly  to  g;ive  a  good  supply  of  drinking  water,  and  the 
"  Mftdhuhan  "  ("anal  in  a  ver\'  isniall  irrigation  work  in  the 
Champtinni  district. 

In  the  province  of  Bengal  up  to  tfje  end  of  the  year  1H90-D1, 
tliere  has  bei-n  cjnstrvicto<l  under  the  British  Government 
miles  of  main  and  branch  canaU  for  irrigation,  and  17:3J  miles 
of  canal  for  navigation  piiqioses  only,  or  a  total  lenj^j^th  of  884 
mik's.  The  irrigation  canals  are  ])rovided  with  £2315  miles  of 
diiitributanes,  exclusive  of  nunierou.s  village  cliaimels.  'Jlie 
area  connnanded  h  !^*4rt3,Tf<l  acres,  of  which  in  the  year  1890- 
91,  .545,5411  iUTcs  only  were  actually  irrigated,  hut  this  area 
varicR  largely  according  to  tlie  rainfall  of  the  yean  The  value 
of  the  irrigated  erop8  in  the  Rame  year  was  i:^l,i>65,481 , 

The  capital  cost  of  the  tlengal  canal  systems  was  17,^00,196. 
None  of  tlie  four  large  Hchemes  classed  as  *  major  Wf)rks  *■  have  as. 
yet  given  any  return  on  the  capital,  incla*4i\e  of  intea'st  charp^s 
and  of  the  minor  systems  two  only  yield  a  snudl  profit,  'Xlie 
net  deficit  on  the  whole  provincial  system  of  cannLs  in  the  yew 
1890-91  amounted  to  1^24',449.  and  from  Uw  cominenceincnt, 
incliKling  intere?it  on  the  capital,  in  the  case  of  tliose  work* 
constructed  with  borrowed  funds,  the  net  deticit  resiclied  tlic 
sum  of  i^,754,ii53,  Tlie  heavy  cost  of  tlie  Orissa  and  Sone 
systems,  the  higli  average  rainfall,  accompanieil  by  the  general 
prejudice  against  the  use  of  C-iinal  water  at  xinytliing  like  remu- 
nerative rates  existing  in  the  province,  and  the  absence  of  any 
large  irrigation  works  of  long  ^itaTuliag,  such  as  exists  in  the 
Punjab  and  North*west  Provinces,  to  balance  the  immediate  K»w 
on  the  newer  works,  has  told  with  great  severity  agairt^t  the 
eomparativr  net  ctMUinercial  rcptdts  of  the  Hcngal  canals,  but 
uhtTt  t)i:d  K^ngth  of  time  which  nearly  atl  irrigatioia  uarf^^  ^'»t:r 
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to  flillv  Hcvclnp  ]\m  pnsscd,  thcwi!  canals  under  careful  and  judi- 
d'utiA  niaiiugi'iMent  may  yt't  arrive  at  the  remuiKTativc  stage.' 

WostwnnU  i>f  the  «;reat  basin  of  the  Mahanadi,  across  the  t  oiitrnl  il 
line  of  tributaries  to  the  Godavery  and  Nurbudda  rivers,  arti- 1'"'**^""*'''" 
tieial  irri*raUHii  is  extensively  praetisi-'d  ou  a  small  seale  over  con- 
Aderable  area»  by  means  of  surface  tttnks,  but  the  country 
ng  for  the  most  jwirt  broken  up  into  uiore  or  less  confined 
[leys  is  destitute  of  large  and  important  irrigation  works.  In 
the  liintrict  of  Niniar,  acquired  frouj  the  Peihhwu  in  1818,  a 
storage  tank  miles  round,  calletl  thf  I^iehnia  Lake — an  old 
native  workuhieUv'tLHfoLinct  to  Ih*  in  ruin.s  ^^'^^  soon  aftcrwarUn 
mtocrdt  and  over  one  hundred  smaller  tanks  were  put  in 
working  order.  In  the  yeais  l84f5-46.  Captain  Ffreuch,  the 
politirnl  officer  then  in  charge  of  N'iiniir,  made  a  ma^sonrv  dam 
across  the  CIndi  ravine,  and  emother  large  earthen  dam  acro^ 
the  (!hapri,  thus  forming  the  considerable  'rindi"*  and  *  lland- 
U^^nr'  tatjL<^ 

In  any  iiceuuut  of  tlie  irrij^attou  works  of  Iritlia  It  would  be  Hujumita 
un^Mtnhninble  to  omit  mention  of  the  system  of  storage  tanks '^^ 
in  Uajp(Mitaiia^  in  tJie  dihtrirts  of  Ajniere  and  Mairwarra, 
initiuti-d  by  Colonel  Dixon  in  the  ye*u'  18tJ5~»J6.  In  the  ten 
year*,  WJO  to  184(i,  upwards  of  SiOoi)  Unks  and  over  9000  wells 
wtMV  e^m^njclcd,  irrigating  15,0tX)  Jix-res  nf  cultivation.  The 
■oil  of  the  district*,  osving  to  ita  sandy  iiatun.%  is  unsuitable  for 
mrthen  reservoir  emliankinents*  Colonel  Dixon,  therefore, 
Ur^*lv  employed  nitihonry  in  Iiin  dams,  in  some  cases  support- 
ing h  wall  of  iiuLsonry  by  an  earthen  bank  lieliind  it,  in  others 
liuiidiii);  the  entire  <tauii>  of  stone.  These  works  were  carried 
aut  in  the  midnt  of  a  then  notorioasly  turbulent  population, 
which  w^w  by  tnet  and  energy  led  to  agricultural  p^r^ui^  aJid 
gnulually  rethiced  to  order  and  quiet.  The  unruly  Mairs  under 
the  iuthiencv  i>f  the  iniprovenient^  eflli'ted,  were  rapi<Ily  eon* 
Trrtwi  into  the  jwaceful  and  iiuluAtrioufi  ]H*iisiintry  which  thev 
have  ^inee  reniaitied. 

Some  of  the  tmiks  eonstruetctl  by  Colonel  Dixon  arc  of  con- 
siderable «ia*.  The '  Kabra  Tank  -  in  Mairwarra  ha*  an  endmnk- 


1  Fcr  lUtaiU  or  imllTidual  works  in  bcngul,  vt^  AppcD<]ix  C. 
'  VmtimMatttttry  Paper,  tindU  nde,  K. 
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ment  faced  with  a  heavy  masonry  wall  620  feet  long,  27 
wide  at  the  baeie,  and  10  feet  thick  at  the  top  :  the  height  fi 
the  foundation  being  33  feet.    Another  reservoir  in  Ajn 
has  a  dam  60  feet  high,  built  entirely  of  stone,  and  many  oi 
works  of  scarcely  inferior  dimensions  were  constructed. 


CHAP  TEll  VII 


MidiM  <-anal» — HclU  irrigfltion  schemes — Kaveri  and  Kaltrmn  deltas — Djs* 
unguititiag  feiiurcs  of  Madrns  trngaiioD — RALnfdl— Vflryin^^  confiilions  in 
Softbcrn  Rnd  Soiuhcrn  Inrlici — Immense  extent  of  Madras  irrigation — A 
few  liclectcd  examples  only  possible — Kaveri  tlHu  canals — *  Grnn*l  ammt' 
—The  ^  Upper  '  aH^«rM/— Effeci  of  works — -Area  irrigaled — ParticulrtfS  of 
inigftrion— ■Ciodavery  delia  canaU— Oiillinc  of  xy^tem  and  worfci— Wtir  al 
Dowlalshwcratn— Kistna  tlella  canals— Kisina  weit — M»io  ouiftl*— rennair 
(leKa  cai]»U~SnRg3:m  irriga-Uon — Sriv3ikvntb:iiu  canals,  sunj  outline  of 
ijrstera. 

All  Ujc  givat  *  Dfltii irrigation  sclienies  of  Inditi,  with  the  .Mh^i 
racpplion  of  the  Arahniuuli  m  OHsmi,  of  uhit-h  we  havL'  ftlrcmly  Cai*»il». 
Kpokeiiy  aiv  ^itllaU*ll  in  tUu  MaclnLs  IV*si<k'jiev,  unti  it  is  in 
.Xriidnu  that  this  C'Iajss  of  works  originnttHi.  When  tlie  districts 
<»f  Tanjon?  and  TrtfhiuopoU  first  lamL*  iindfr  British  nilt",  a 
lorp'  atiioDut  of  irrigation  which  had  t*xistLiJ  from  vtTv  ancient 
times,  vm  fouud  in  operation  in  the  dettii  of  the  Kaveri  and 
Kal«ruri  rivcTs,  bv  nimns  of  native  works  which  had  iiuule  these 
distnctft  flinong  the  richest  in  India.    The  improvement  of 
these  old  works — eonnneneed  in  1831^  nearly  sixty  years  ago — 
wiw,  with  the  exception  nf  the  Westeni  Jirniiia  (Vuial  in  the 
Punjab,  the  earliest  irriiftition  work  carried  oiit  in  India  bv  the 
British  Government.    It  ia  here  that  the  charncteriRlics  and 
|>eeuliaritii^  of  delta  rivers,  and  the  spe^'ial  adaptation  of  delta 
nrvRff  for  |nirposcs  of  irrigntton  cm  a  large  scale,  wvre  iirst  studied 
mnd  understood,  mid  liti  to  the  extensive  irrigation  scheniCH 
nntx  CUtM  out  in  tfu'  larp.-r  deltiw  of  tlie  Maharnidi^  Godavm\ 
and  Kifttnflf  and  elsewhere  on  the  Ei^t  coast. 

Th»e  great  delta  ftohemes^  and  the  wonderful  amonnt  of  irri- 
'eil  ini  by  means  of  stora^*  re-ierxoir^,  of  which  we 
y  made  nicittion,  constitute  tiie  chief  di^tinguisliin^ 
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features  of  irrigation  as  practised  in  the  Madras  Presidency. 
South  of  the  Mahaiiadi  basin  the  general  slope  of  the  country 
is  from  west  to  east.  A  high  raiitre  of  hills  skirts  the  whoU* 
Western  coa!>t  from  the  Gulf  of  (  anihay  to  Cape  I'oniorin,  and 
on  this  range  the  main  portion  of  the  South-west  monsoon  im 
precipitatc<l.  A  largi*  portion  falls  over  the  crest  of  the  ghah 
and  ahundantlj  sitpjjiies  tfic  yoiirees  of  the  j^rmter  rivers,  u  hieli 
flow  from  the  eastern  slopes  of  the  range^  neross  I  lie  peninsula 
into  the  Bay  of  Berjgal,  breaking  through  the  Line  of  *  Eastern 
gftat.'f^  in  their  passage  ut  vurving  distances,  hut  comparatively 
near,  their  entninee  into  the  SQix. 

Over  all  the  eentral  parts  of  the  country  tfie  average  rainfall 
is  less  than  JiO  inehesj  but  below*  the  Eastern  ghiits — dependent 
on  the  North-east  nu)n>iOon  from  the  Bay  of  Bengal — the 
average  annual  rainfall  lies  between  00  and  40  inelies.  The 
gi-eat  rivt.*rs,  in  ordinary  yt?ai-s,  bring  ilown  from  the  Western 
hills  a  practieally  unlimited  supply  of  water,  a  su])ply,  however, 
entirely  clepenJent  on  the  vieinsitudea  of  the  Soutli-west  mon- 
soon, and  whieli,  owing  to  the  lieavy  general  slope  of  the 
country,  is— if  not  intercepted — crarriet!  oft' with  great  rapidity. 

'llie  main  crops  in  this  part  of  India  are  grown  from  June 
to  November,  at  the  time  when  the  rivers  are  at  their  maximum 
volume.  Irrigation  from  tlie  large  rivers,  therefore— unlike 
the  eonclitions  prevailing  in  Hindustan — is  unlimited  in  average 
years.  The  Northeni  province*  of  India  possejia  in  the  snow-fed 
rivoi's  of  tlie  Himalayan  range,  a  regvdar  and  perennial  source 
of  supply,  but  on  the  other  hand,  the  main  erops  being  grown 
in  the  eold  season,  the  area  of  euUivatioTi  lias  of  necessity  to  be 
adapted  to  the  eoniparati\ely  mud]  vohuue  of  water  then  avail- 
able in  the  rivei's.  The  essential  distinetion,  therefore,  between 
the  ordinary  eonditions  of  Northern  and  Southern  India  is, 
that  in  tlie  Nortli,  the  area  of  main  erops  is  restricted  by  a 
limited  and  more  or  lessS  Hxetl  tpiantity  of  water,  whilht  in  the 
South  the  only  limitation  is  the  area  of  cultivable  land.  The 
North  has  the  enormous  advantage  of  a  perennial^  although 
limited  supply,  wliilst  the  South  is  too  oiteu  subject  to  the  dire 
effects  of  a  total  or  partial  failure  of  the  seasonable  rainfall  or 
which  the  irrigation  depends.  It  is  principally  owing  to  thi. 
essentiid  tlifterence  in  the  local  conditions,  that  the  extraordinary 
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development  fttu!  wo!ic]crfal  extent  of  jrrigtiti*in-worli  tljioutjli- 
«ut  the  Southern  rpesitleiiey,  a-s  ctHiipnretl  with  other  piirtx  of 
ImliiL,  i-*  til  W'  »ittnl>ut*'d. 

Outsido  llie  ureuH  njiiiiiiftndctl  hy  t!ie  large  riverSj  the  eounlry 
J»  tiiiunly  i!e[>tnuL'tit  oil  tile  roiii|uiratively  Miiall  su}>|>ly  of  water 
ihv  ^ha|X'  of  \w«l  niitifall,  iH'  that  bimi^lit  up  from  tlie  U«y 
Bt'njpil  by  the  Xorlh-oast  iin>nsot>n.  This  supply  is  every- 
whi-iv  iitiliAcil»  almost  to  the  la^l  ihop.  Tjiroyghout  tlie  whole 
of  the  Mfwiran  provinces,  in  every  vjiHej,  iirmiij^einents  of  some 
kind  rxi>.t  forrcUifning,  storuig  up,  and  utilising  the  water  drain- 
ing off  ihi  sides.  'I'liere  is  S4*areely  a  watx.T-L*ourse  which  along 
it»  whole  length  is  unprovidvd  with  a  ftucccKsion  of  dnnis,  con- 
verting it«  cours*'  into  a  series  of  tanks^  or  reservoirs  of  greater 
uf  lva»  dimen-siouH,  and  along  the  foot  of  the  Kajstcm  ghaU 
cviTV  offering  the  Mnalle.st  farihties  for  the  intcr- 

of  the  drainage  hy  nieuns  of  a  tlain,  or  dnms^  iutoss  it>* 
rxibt,  is.  or  hjis  jit  s<»ine  time  or  other  l>een  ^  provided,  and 
tlie  precious  water  M.'i/eil  upon  for  the  irrigation  of  tlie  fields. 
The  grmt  body  of  water  deliveretl  by  the  Soiith-wt.ist  uionsfion 
over  tlic  crent  of  the  Western  ghuts^  and  carrietl  to  the  Bay  of 
Bengnl  hv  the  larg<"  rivers  of  the  country  —  SLieh»  for  instanee,  as 
the  Godavery,  with  a  current  two  or  three  miles  broad  and 
feet  drrp — cannot  necessarily  be  constrainetl  to  [jay  tribute  to 
Aoytliing  approaching  an  exhaustive  extent,  nevertheless  a  very 
krgeaiiujttiit  of  thi»  water  is  intereepteil  and  utilised — e^>pi-cia|]y 
*{  the  bead  of  the  great  Deltas  by  the  splendid  series  of  w^orks, 
which  have  almost  entirely  lieen  initiated  and  carried  out  by  the 
Briti^^h  Govcnnncnt. 

It  wuuhl  l>e  isiijKisaibie  in  the  liniltetl  sj>ace  available  in  this 
vcdume  to  give  even  a  mere  outline  of  each  one  of  the  large 
uumber  of  irrigation  w  orks  initiatiHl  and  con8tructed»  or  entirely 
rpmotk'lUxI  an<l  enlarged  by  the  English  Government  in  the 
Madras  presidency  ;  the  purpose  in  view  will  he  suiTicicnlly 
Attained  by  n  w-'lection  of  a  few  of  the  larger  examples  of  each 
class  of  work*  and  a  general  hunnnary  of  the  whole. 

There  tvtv-  eight  principal  systcmii  of  various  size,  eUevsed  as 
*  mi^or  works,'  regjirdi'd  s|Keially  as  *  protluetive/  the  ex- 
pcDciiture  on  which  has  Iteen  ineurretl  from  Imperial  {mxxA^  and 
ivnaity-oac  other  works  classed  as  ^  minor  provincial  works ' 
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ivirncd  out  by  j>rovincial  funds  ;  of  tliese  last,  tliriT  iirr  Urge 
rc'si-n'oir  systems,  and  four  are  canals  exclusively  for  navigation 
purpcjsea.  In  atUlition  to  tlip  alwo,  tlirri'  i«  an  onommus 
aggregate  number  of  smaller  irrigation  wi>rks  of  all  clitsscs 
adtninistcrod  by  the  irrigation  department,  but  which  in- 
dividually are  not  sufficiently  important  to  rfqiilrt?  .sepaniU* 
tjapital  or  revenue  accounts*  Two  large  ])roje<'tR  of  tlie  first 
class,  estimated  to  cost  1^56^,O0O  axid  ^4:32,000  res|>ectively, 
arc  (18!)3)  under  construction,  but  are  not  yet  in  operation. 
There  are,  theretore,  thirty-one  distinct  systems^  having  separate 
(^apitnl  and  revenue  accounts, 
veri  Delhi  The  largest— as  regards  irrigated  area — oltlest,  and  aUso  tht* 
most  renumerative  of  thesse  works,  is  the  Kaveri  Delt^i  «^*^^teln, 
irrigating  over  a  million  acres,  which  is  a  deveK>pnient  ami 
enlargement  of  a  very  ancient  native  system  oF  irrigation  in 
Tanjore,  Tlie  river  Kaveri,  rising  on  the  Western  ^hat^  and 
among  the  hills  of  Ciforg»  drains  an  area  of  alx>ut  ;iH,000  square- 
miles-  It  Hows  in  a  general  efusterly  direction  to  the  Hay  of 
Bengal,  The  head  of  its  delta — which  has  an  area  of  ^700 
iiquare  milca—is  situated  nearly  100  miles  from  tlie  coast  at  a 
short  distance  above  the  town  of  Triehinopoli,  where  the  river 
divides  into  two  separate  streams  at  the  western  cxlreniitv  of 
Seringhanij  formerly  an  idand,  and  still  so  called.  The  upper, 
or  northern  linuich,  h  named  the  Kidenm.  This  branch,  which 
in  reality  ir>  the  main  drainage  line  to  tlie  sea,  ha.s  a  greater 
volume,  a  more  direct  course^  and  a  far  heavier  fall  per  mile, 
than  the  sniallor  and  more  useful  southern  bmnch,  which  retains 
the  name  of  *  Kavfri/ 

Tlie  latter,  after  its  separation  from  its  main  branch  at 
Seringham,  gains  rapidly  in  elevation  of  l>ed,  antl  flowing  witli 
a  comparatively  smooth  and  gentle  cuiTcnt,  st>on  divides  anil 
fiubdivides  itself  into  numerous  channels  until  its  water*  ami 
spread  over  nearly  the  whole  of  the  Tanjore  district.  In  ver\* 
ancient  times,  in  order  to  counteract  the  tendency  of  the  smaller 
and  less  rapid  branch  to  l>ecome  choked  up  with  deposit,  an ' 
to  increase  the  volume  of  water  passing  down  it,  the  large  dam,, 
or  atttct/tj  previously  mentioned  in  tite  cha]>ter  dealing  witU 
native  works,  known  by  the  name  of  the  *  grand  antcutC  w« 
constructed  across  the  river  near  the  ea-^tem,  or  lower  end*  c» 
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nj  i?ilnnt!.    Tins  \V(ijii  tfu*  lict^inniiif^  of  the  doUa  iiii- 
eiit  work>,  and  its  efllrt  must  have  Xk'l'Ix  of  pnonnous 
h<T>efit  lo  the  Tnnjore  irrigrttion.    Tho  supply  of  water,  how- 
i  '  in  later  yeai>i  limuiiL'  iiisiilHcieiit  for  the  growing  urea  of 
ittxl  Uiik!  in  the  flcUa,  anil  the  increasinff  amount  of  sarul 
And  &tlt,  fuviiniulatin;^  between  the  grand  anknt  antl  the  \mni 
"*    friration  of  the  two  rfvcrs,  neeeii^itiiteti  fcjr  many  year?*  the 
Ji(Mi  of  varinue?  expensive  eNjjedients  in  order  to  prevent 
**-niHis  dinunution  in  the  supply  of  water. 

In  {h'lH  -■•Ittte  of  aflUirs,  wlieu  valuable  and  extensive  tracts  of 
rirh  miinfrv  were  gra(hiallv  being  throwii  out  of  cultivation, 
11  (iifterwnriis  Sir  Arthur)  Cotton^  engineer  of  the  Division, 
i  1  year  1H1J4  (ievistn!  and  construeted  the  dam  now  known 
the  '  iq>per  auinUj    m-rosa  the  Kalerun  at  ft  point  almut 
irds  Ih*Iow  the  bifnrcjiti<)n  of  the  two  rivens.    This  dam, 
1  ictiug  only  in  a  small  ilegixv  the  paswige  t)f  high  and 
ttcxtruetive  HchxIs,  at  the  same  time  diverted  into  the  Kaveri  all 
iKe  water  fonuerly  earned  wa.stefiillv  luUt  the  sea,  even  in  the 
flri»t  Awixons  by  the  Knlerun  branchy  and  rendered  it  avnilable 
forthedeltii  irrigation.    Sul>8et[ueiitly,  in  the  year  1H45,  afler 
Ihr  lx*d  of  the  Kaveri  had  heim  deepened  by  the  new  volume  of 
water  thu»  thrown  int*>  it,  a  masonry  regulating-dam  was  carried 
■crum  that  river  on  the  opposite  side  of  Seringham  inland, 

Tlic  '  nppcT  rtnfV*/^/ or  dam^  i-s  J?250  feet  long,  divided  into 
Ihrw  |kart>  by  two  ir*lrimls*  It  consists  of  n  nifttisive  vertical 
»ikU  of  uiiuwnr>',  varying  from  5i  to  7  feet  high,  siip|>orted  on 
fcjw  of  brick -eyliiiilers  or  wells,  f)  feet  in  iliameter,  sunk  to  a 
(if|rth  of  6  feet  into  the  sandy  IhmI  of  the  river.  A  stone  Hi»or- 
in^  tiO  fe<?t  wide  find  4  feet  thick  extends  below  the  danv  to 
wcdvc  tlie  overfull  <if  wnttT,  Maw  which  again  is  an  apron  of 
rough  Ktoiie  at>oiit  ft'et  brojui.  Twenty-two  sluictN  were 
providt^d  in  the  ImkIv  of  the  main  wall  for  the  puqKJse  of 
crmting  a  scour,  and  prevent  the  filling  up  of  the  Inxi  alw^ve  the 
dm,  Tlie  Hm*  <if  tile  water  in  high  flomls  aliove  the  IkhI  t»f  the 
rner  i*  14  fct-t 

'    ■  c*flt*ft  i)f  tirese  works  mjis  to  give  a  |M*rfeet  regularity  of 
,  r:  nt  to  the  Kaveri  river^  and  iMf-rfi'd  control  over  the  water 
ing  down  Iwtt*  atreamH.    The  Kalerun,  with  it^  lienvy  fall, 
the  main  drainnge  outlet  of  the  delta,  whilst  the  Kaveri 
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below  thf  rL-gulftJing  ciaiii  is  prncticallv  convtTtrd  into  an  irri- 
gation caiml*  In  the-  voar  IS^H]  ftnottuT  dam  tif  similar  con- 
struction to  the  u|)]>er  nnktU '  w*is  con^trtu-leti  at-ross  tlie 
Kalerun,  .some  seventy  miles  below  it.  Its  obji-tt  isUnnterccpt 
and  divert  some  of  the  water  in  the  inferveiiini^  pnrt  of  tlie 
river  bed — w  hieli  is  inereaHt^fl  by  draiua^^e  tVoin  eultivation  and 
hv  springs — for  the  purpose  of  ]rrii2;ftting  lar^e  truets  of  ven*- 
fertile  land  in  tlic  north-eastern  part  of  tlic  delta»  and  in  South 
Arcot. 

Uefore  the  eonstruetion  of  thesi'  works  the  urea  irrigAled 
dej)endcnt  on  the  Kaveri  and  Kaleriui  rivei-s  was  but  little 
over  ()()0,000  acres;  this  umi  is  now  considerably  i)ver  n 
njtUion  aerejj.    The  spe<:ial  peculiarity  of  tlie  Kaveri  ilelt^i  irri- 
gation is^  that  in  all  other  eases  of  delta  works  the  main  distri- 
bution of  water  is  caiTied  on  by  means  of  a  series  of  artificial 
ehannek,  generally  following  a  parallel  coui^ie  to  tlie  principal 
diverging  river  branches^  but  in  the  Kaveri  delta  i\\e  chief  dis- 
tribution is  naturally  effected  by  means  of  the  river  its<'lf.  antl 
by  the  numerous  liranch  channels  thrown  oil*  by  the  Kaveri 
between  the  point  of  its  separation  from  the  K^ilerun  and  the 
sea.    From  these  brnnehes  intunnenible  distributing  streams 
are  led  off  to  convey  the  water  over  all  the  village  lands  of  the 
delta*    To  render  this  system  effective  it  was  neeesstiry  t^ 
regulalt\  ilivide,  and  snb-<livide  the  water  bv  regulating  sliiice- 
gftteSj  placed  at  the  head  of  all  the  inuiji  elianuels.    In  additio 
to  these  works,  by  degrees  the  various  natural  courses  have  fo 
nil  practical  purposes  been  convt-rted  into  irrigatiun  canal 
by  straightening  their  channels  and  by  c*>rrecting  and  inakin 
iinifonu  the  width  of  their  iK'd*.    The  whole  has  been  rcnderc 
secure  by  varit*us  works,  affording  protection  to  the  delta  Irnul 
from  the  effects  of  inundation  by  Hood-watei's  rising  lieyoj 
what  can  be  safely  currleil  away  by  the  irrigating  streams. 

In  the  Kaveri  delta  there  are  Hl-i  miles  in  iHigtb  of  main 
irrigation  dianneU,  and  1^50  miles  of  rbstributaries.    In  th 
year  1890-91  the  area  of  kntl  irrigated  was  1,013,344  ac~ 
with  a  total  value  of  irrigated  crops  amounting  to  i.^2.5iiOvi 
Owing  to  the  peculiar  conditiitns  and  ecommiical  nature  uf  tJ» 
engineering  works  necessitated*  the  capital  outlay  has  bee 
relatively  exceedingly  small,  w  hiLst  the  area  of  irrigjition  aflecle 
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tft  cMCceptioimJly  larjit\  Hvncc  tlic  Kiivcri  syhtoni  is  the  most 
nonunerative  in  Iiu[ia^  virkUtig  a  rt'tum  of  over  j)or  cent*  an 
iht    I    '  ikIoH  bv  tlio  Hrltisli  Govon^nu-nt,  anil  a  Irtrjjo 

Air  iwrniiL'.  uf'tiT  iluJiK'tin^'  iiiU'ivsl  i'!uu"t;i'>, 

Tlu*  lr<xi«v<Ty  nm^  Kistnrt  tioltjis  lying  la'twet^ii  Cwanmia 
Ptdda  Gan^ani^  on  t.lu^  F.nst  roast,  nLljoin  one  another^  aTid 
i  one  t'xtfiisivc*  aiul  connected  im^ation  aii-a  nearly  5ilH> 
mik^  long  and  BO  miles  broail.  iJoth  thonc  rivers  break  thrfnt;;h 
tho  lihf  (»f  Hit'  Eastern  fi^htU.s,  witliiii  fifty  miles  of  the  si'h,  and 
in  coum*  of  u«ie^  Imve  biiilt  ii|>  the  wide  stretcli  t»f  delta  huuU 
ln.'yoml  them,  for  no  doubt  at  one  titne  the  ivavt^  of  the  Itay 
Btrni^iU  washetl  tlic  base  of  the  hills. 

The  head  of  the  (>odiiver\'  delta  is  at  Dowlaishwernni,  from  ( 
which  point  the  river  Hows  to  tfie  sea  on  an  eh^vatotl  iK'd, 
vwyiii^  from  fi  to  24  feet  alx»ve  the  f^eneral  level  of  the  eountrj*. 
\t  IViwhu?iliweram  the  river  forks  widely  itjtt»  two  branches, 
1  wc  may  call  the  'Eastern  Godavery '  niul  the  '  Wi-stern 
»ery.*    Tliese  branebes  divide  tlie  ilelta  into  thive  dintinet 
nz.,  the  eastern  delta,  the  eentral  delta  (lyinj^  lictwivn 
r  irkoil  br/iiiehei*),  and  the  western  delta.    Kuch  delta 
i.^.  ion  [•*  supplied  with  n  s<'|wirute  system  of  irrigation  ennals, 
ilcrited  fn>ni  the  raised  level  of  the  (Jt>d#ivery,  above  a  huge 
■leir  or  flwm;/,  whifh  hiLs  la'en  eonshnieteil  at  Dowlaisbwenun, 
jwt  above  the  point  where  the  single  river  wpamtes  and  furniH 
iberajttcm  anti  wowteni  branches,  and  when*  the  total  width  of 
thr  river  is  noarlv  four  miles, 
llir  C»«ila\erv  works  wx-re  eoiniiierieiHl  in  1H44,    The  (ine 
vt  one  of  the  nnr^i  mat^niHei^iit  i»f  the  many  exaniplen  of 
mch  ciin^truetionic  in  India.    At  the  ]>oint  where  i1  erovse?*  the 
ri\*T,  the  hitter  is  divided  into  four  portions  by  thnr  inler- 
iiT  i*la3id>,  whieh  <K*capy  alx>ut  IJOOOfeet  of  the  total  width. 
1        ■     j/.  whieli,  diii<le<l  by  the  islmitl^,  niav  Ih-  eoiiMiderctl 
;     "  il  «if  fijur  M^juirate  lengths  of  main  weir^  has  a  total 
I  iif  nL)snnr\'  mastruetioii  of  2J  inilen.    'Ilie  GodaviTV 
ni      ,\  of  aUxit  ll'l^HK)  wpmn*  niiU-^,  nml  a'*  the  rise  of 
.J*T  in  th»oiU  nt  l)owlair«hwerain  is  28  feei^  it  will  niiilily 
Kr  ninrei%L>ii  that  the  construction  of  the  nionnouj*  wcir^  to 
'  rti\  its  wvtiTx,  wax  a  motit  exrepti<inal  and  formid- 
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The  lengths  of  the  four  portions  of  the  weir,  which  are  the  samO' 

in  general  construction,  with  only  slight  differences  in  dimensioiiBy 
are  as  follows,  4872  feet,  feet,  1548  feet,  and  2584}  feet, 
respectively.  In  structure  the  work  consists  of  a  mass  of  stone- 
work, some  130  feet  wide  at  the  base,  12  feet  liigh,  and  2) 
miles  long,  llie  front  and  rear  walls  rest  on  two  lines  of  brick  > 
wells,  each  6  feet  in  diameter,  and  sunk  6  feet  below  the  deepest 
bed  of  the  river.  The  space  below  the  walls  is  filled  in  with 
river  sand  and  quarry  spoil.  The  cross  outline  of  tlie  w«r 
consists  of,  first  a  level  floor  or  waste  board  of  masonry,  19  feet 
broad  and  4  feet  thick,  next  of  a  slightly  concave  tail  slope, 
which  is  practically  an  inclined  plane,  28  feet  wide,  and  also  4 
feet  thick  ;  the  upper  surface  in  each  case  being  protected  by  a 
covering  of  strongly-jointed  cut  stone ;  and  lastly,  of  a  rough 
stone  apron  of  massive  blocks,  which  extends  some  80  or  90 
feet  down  stream  below  the  tail  slope.  On  both  sides  of  each 
length  of  weir  masonry,  wing-wtJls  and  lines  of  revetments  con- 
nect the  work  with  the  main  or  island  banks,  as  the  case  may 
be,  and  prevents  the  water  passing  round  the  extremities. 
Between  each  length  of  weir  a  substantial  embankment  of  earth, 
protected  by  stone,  is  carried  across  each  of  the  islands.  On 
the  extreme  right  and  left  flanks  there  are  fifteen  scouring 
sluices,  eacli  6  feet  in  width,  and  on  each  main  river  bank, 
canal  head  regulating  sluices  and  locks,  each  100  feet  long,  are 
constructed.  On  the  central  island,  forming  practically  the 
point  of  division  of  the  two  main  branches  of  the  river,  is 
situated  the  head  sluices  and  lock  of  the  main  canal  carrying 
water  to  the  central  delta  lying  between  the  branches. 

From  above  the  Dowlaishweram  weir  three  main  canals 
radiate.  One  to  supply  the  eastern  delta  lias  a  bottom  width 
of  184  feet,  and  carries  eight  feet  in  depth  of  water.  One  to 
supply  tlie  central  delta  is  114  feet  wide,  and  carries  7  feet  in 
depth  of  water ;  and  one  to  supply  the  western  delta — the 
water  heing  here  caiTied  by  several  channels,  but  where  coDected 
together  in  one — 225  feet  wide  and  10  feet  deep. 

From  each  of  these  main  canals  numerous  branches  issue, 
spreading  over  and  commanding  the  greater  part  of  the  delta 
area,  and  generally  terminating  on  the  sea  coast.  One  of  the 
principal  canals  in  the  central  delta  is  carried  across  a  minor 
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ch  of  tlif  GoilavL'ry  on  a  Hnt'  brick  aqnetJuct,  having  forty- 
iri      ■  '    ^  oponii»j^>,  and  a  total  lengtli  of  y^-itS  fi^t. 

^  iiLT.  in  the  GiKlaverv  deltii  tlierv  are  50(i  iniirs  of 
ttuun  iirul  hmnch  canals,  of  which  practically  the  wluiU'  are 
r.  '  :uitl  17ii2  miles  of  smaller  tli><tril>iitinj^:  flivLiinels. 

1  .     .ililc  aron  t'tiiii mantled  is  7T5i,000  acTcs,  of  whicli 

ly  ult  is  itiulvr  irrif^ation.    In  the  year  18&0-91  the  value 
'gateil  cnipH  raiseiJ  was  over  a  luiUion  and  a  half  .sterling, 
the  m-t  revenue  uirrunl  was  iit^arly  l^i  |>er  cent,  on  the 
npital  oiitliiy,  with  a  surplus  of  ^'II^jOOO,  clear  of  interest. 

H\r  (Irlta  of  tlie  Kistna  river,  as  we  have  alreiuly  slated.  HUiuu 
uniiiediatelv  adjoins  that  of  the  tindaverv,  aiwl  is  dividetl  liy  ^'""uIk* 
the  river  into  two  portions,  each  uf  wliich  is  covered  with 
im^1in;5  chnnnels,  fed  friHn  main  antl  branch  winaU  derived 
fivitu  alx>\e  jiu  ank'ut  or  weir,  situated  at  llcz\ada,  exactly  at 
ibr  s)»ex  i>f  the  ilelta,  where  the  river  narrows  in  its  pass^ige 
Umnigh  a  lino  of  i"r)cky  hills  on  either  bank.    The  Kistna  weir 
VMCOuiuu'Uceil  in  1852.    In  |KJsitiuu  and  in  conditions  uf  con- 
fttmrtHm  il  i.-%  entirely  diffcreiit  from  that  over  the  Gtidavcry. 
Abavc  and  lx4ow  the  ^ortje  across  which  the  weir  is  thr*jwn  the 
Kiftbrn  hiLt  a  width  of  nearly  one  mile  and  a  half,  hut  i*  eon- 
f  in  its  passage  l>etween  the  hills  to  3900  feet.  The 
-J  II  iJ>  and  <ieplh  (jf  tlie  current  is  coiise<|uently  very  gmit, 
Tht*  »itc  wa.H  chosen,  lunvtn  er,  on  account  of  the  excellent  supply 
uf  gtMul  sitine  innuediatelv  available.    Tile  weir  is  ^840  feet 
long,  and  consist^  of  a  single  front  wall  of  rough  masonry,  16 
feet  high  uImjvc  tin*  sinrinicr  level  uf  the  waterj  21  feet  alnive 
the  divpi^t  IkhK  and  lii  feet  thick  at  the  Ulsc,    The  wall  is 
foutuleil  on  a  double  row  of  wells  7  feet  ilecp,  wtiich  lill  up  the 
space  bctwwn  the  divp  lK*d  and  the  lowest  water  level,  around 
wliKrIi  n  hrtiiul  Iwt-si'  of  heavv  atones  was  ilejjosited.    An  apron 
of  rougli  »tom\  52iK>  iWt  in  width*  extend^^  Mow  the  \veir,  and 
ttl  100  feet  from  tlie  latter  a  second  parallel  dwarf  wall  of 
rubble  ma*4)nry,  Aanuletl  nn  the  rough  st*>ne,  was  built  after 
it  fiftd  Well  .M-'ttlwI.    On  eocli  ihuik  of  tla'  weir  sets  of  scouring* 
sluiein  uf  fifteen  ojx'nings,  eaclt  (i  feet  wide,  are  jvrovidetl  to  keeji 
a  clear  rhaimel  in  front  ttf  the  rc^^ulating  licad-shiices  of  the 
liro  nwin  canals  wliich  there  take  otF.    In  high  Hoods  the  water 
riftCA  nearly  W  feet  above  the  top,  or  cn.>t  of  the  weir^  with  a 
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velocity  mid  to  appmach  11  niilisi  tat  lioiir.  Jmt 
cash  cmnJ  bead  a  lock  and  duumel  for  the  ua^igaticsi  is  cm 
rtruded  in  the  river  batik. 

The  main  canals  taken  off  for  the  sup|)ly  of  the  castcni  and 
votem  porkiom  of  the  delta  art  SOU  and  feet  wide 

m(pi?ctiv<?U\  cnch  canring  a  oiasinuiTn  di'pth  of  water  of  8  fwL 
Hie  KistnA  delta  CAzia)s  have  a  total  length  of  main  ttue  and 
brnnchcK  of       miles,  of  whicb  ^4  miles  ore  navigable  Thm 
are  also  1614  miles  of  distributing  chnnnels,  commanding  over 
800,000  acre*.    In  the  vear  1890-91  the  value  of  irrignttxi 
crops  raised  was  c£^,l!£3,705.    Tlic  svi^tein  like  that  of  tlic 
Godavery  and  otiier  delta  irngatN*ij  works  in  Mitdms  \<  t-^- 
ceetiiiigly  remunerative. 
Dthti     The  delta  of  tl^c  river  Pennair  has  a  mtv  iiiurh  MnitUer  nrva. 
than  citlier  the  Godavery  or  Kistim.     An  mticHt  across  tlu* 
H%'crat  Nfllore  wa*i  first  proposed  in  1849,  and  H  %ra*  com- 
plftcd  in  1855,  but  was  a  fvvr  years  after  partinlly  dcstrovrd 
tiurin^  a  fnriowa  stonn.    It  wafi  restnmi,  and  agaiti  cariipli'W 
in  1861.    Ill  the  year  1871  it  was  Iciiythene*!  to  its  prewnt 
climrnsioris.    The  fuirctit,  which  is  now  J20!J1  feet  Inncf,  crosho* 
the  iVrinair  tiosc  to  the  town  of  Nellore,  bikI  a  system  uf  cauaU 
having  149  miles  in  length  of  main  line  and  distrihularie*,  b 
derived  from  above  the  weir  on  its  right  Hank^  aitd  provitIt» 
irrigation  on  the  south  side  of  the  river.    The  water  wLipply, 
wliieh  i»  very  precariouji,  is  supplemented  by  storage  fmui  (lie 
Nellore  and  otlier  tanks. 
Ill  H     Suh;*e<|uently,  in  1H86,  a  seeond  weir,  4076  feet  long,  aiul  12 
feet  high,  was  constructed  across  the  riA'er  about  17  miitf 
higher       opposite  S^angiuu,  for  the  supply  of  irngatioti  to  the 
tnu'ls  lying  tt>  the  north  of  tlie  IVinmir.    Twu  nmin  canaK 
taken  off  above  the  Saiigani  weir  lead  tlie  water  into  several 
large  reNerxiurs,  and  the  irrigation  of  the  (Hstriet  is  j^upplc- 
merited  by  Avater  stored  in  ntitnerous  other  tanks.    Thert;  are 
in  all  250  miles  of  main  line  and  distributaries  connected  with 
the  Sangiun  irrigation.    The  eondiined  area  irrigateil  on  the- 
north  and  M>uth  Tiides  of  the  Pennair  delta  is  about  l:i:},0()0 
m^res. 

ii.  In  the  e\tr<'nie  southern  part  of  the  Penijisula  the  Tainbra- 
iuiIk,  jmrtii  rivei-  Ikjs^M  inLo  tlie  sen  a  few  miles  soutli  of  Tuticorin  in 
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11ne%-ellv.  AKnitioii  already  hvei\  iuulIc  af  thr  nuuiy  ancient 
amctiis  pliuvd  (it  intenals  across  the  Tainhrapiimi,  and  thv 
Large  amount  of  irrigation  carriwl  on  by  moans  of  tlir  numerous 
chunncls  leil  oiX  fruni  it  to  fct'd  old  native  rt?stir\oirSj  ivjjich  nrv 
dotted  aver  the  whole  face  of  the  countrv. 

Notwithhtaridiri*;  th\s  extensive  irrigation,  »onje  portfon  of 
the  Tanihrapunii  water  still  ese^iped  to  the  .sea>  and  to  inter- 
cept and  utilise  this  an  anient  thro^i  across  the  river  at 
^^r'  '  tTmm,  aUmt  16  miles  from  the  comst,  was  eon- 
*h  II id  completed  in  1874.    From  each  side  of  the  anicttt 

niAtn  irrigation  channels  an*  led  off,  which  convey  water  for 
irrigntion  purposes,  over  the  wh<jle  of  the  tracU  lying  imaie- 
di&tidv  nortli  and  soiitJi  of  the  Tainhrapunii,  hetween  tho 
anient  nnd  the  sea.  The  canaLi  irrigate  directly,  but  chiefly 
ver\v  to  feed  iiimunera})Ie  tanks,  some  of  very  large  supirHcial 
uvii,  uhich  are  scatterud  over  tlie  district.  From  the  upper 
end  of  thv  Karain{>aliHui  tank^ — the  northern  extremity  of  tlie 
vria — ft  fresh-water  channel  provided  with  head  sUiices  con- 
rry*  water  to  the  town  of  Tuticorin.  Tlie  project^  altlunigh  of 
rrifltjvely  small  size,  is  yet  of  considerable  value  and  importance. 
Thie  Srivaikunthatn  anient  system  has  28  miles  of  main 
and  bmncli  canals,  and  6U  miles  of  dii»tnbutarie>,  irrigating 
4kmt  SO.tKX)  acr«». 
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Madras  irrigation  continued — Soonkesala,  or  Kumool-Cuddapah  Canal — 
Guaranteed  company — Early  days  of  public  works — Madras  Iir^tion 
Company — Employment  of  irrigation  companies  unsattsfactory^Kuraool- 
Cuddapab  Canal  the  financial  drag  weight  of  Madras  system  of  irrigation — 
Outline  of  project  and  main  works — Weir  over  the  Tungabhadra  at 
Soonkesala — Course  of  main  canal — Works  on  Pennair  river — Pecnliar 
features  of  Kumool-Cuddapah  Canal — Lai^er  irrigation  schemes  in  Madras 
— Minor  canals  too  numerous  for  detailed  mention — Main  results— East 
Coast,  or  Buckingham  Canal — Outline  history  of  project  and  constructive 
features— Periar  project — Description  and  scope  of  scheme^Farticulars 
of  concrete  dam  and  principal  works — Genend  results  of  irrigati<m  in 
Madras. 

Leaving  now  the  great  delta  schemes  of  the  Madras  Presidency, 
we  will  turn  our  attention  to  one  of  the  principal  works  in  the 
upper  country,  viz.,  the  ^  Soonkesala  Canal/  or  as  it  is  officially 
designated,  the  *  Kumool-Cuddapah  Canal.'  This  canal  pre- 
sents the  only  example  in  India  of  an  extensive  irrigation  work 
constructed  hy,  and  for  a  long  period  worked  under  the  admin- 
istration of,  a  guaranteed  company.  In  early  days  all  public 
works  in  India  were  projected  and  carried  out  by  the  Engineer 
Department  of  the  army,  working  under  a  military  board  ;  and 
all  expenditure  incurred  was  charged  against  the  revenue  of  the 
year,  but  as  the  necessity  for  opening  up  the  resources  of  the 
country  increased,  it  was  .soon  foimd  necessary  to  discriminate 
between  the  two  great  classes  into  which  public  works  are 
naturally  divided,  viz.,  those  of  special  and  marked  public 
utility,  such  as  '  railways,'  '  canals,'  *  harbours,'  etc.,  by  which 
the  wealth  and  prosperity  of  the  country  is  directly  promoted, 
and  those  works  such  as  civil  and  military  buildings,  local 
roads,  etc.,  whose  chief  end  is  to  facilitate  and  render  effective 

the  general  administration.  The  first  class  of  works  are  virtually 
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Lirgt-  comiaercial  undertiikings,  aiid  these  soon,  of  necessity, 
came  to  btf  coiiBtructoil  hy  means  of  iKjrrowed  capital ;  Hk- 
*TOjnd  cIhss  ^c^ll^iInn^^  ns  before,  a  cliarge  against  the  general  or 
Uicjil  revenues  of  tlie  year.  In  1846*  the  G^-mstruction  of  rail- 
wa\-»  by  companies,  on  wliose  capital  expcntliture  the  Govcm* 
ment  guanuiteetJ  a  lixetl  intercHt,  whh  initiated,  nnd  continued 
in  fore**  up  to  the  year  iHCtS,  Two  attempta  only  were  made 
apply  the  same  systetii  to  the  construction  of  irrigation 
CBHilIk.  In  the  ycjir  1858  the  ^Madras  Irrigation  Company' 
w  formed,  wliich  under  a  Government  guunmtec  of  5  per 
cent,  on  a  capital  of  one  million  p(Kinds,  undertook  to  carry 
out  the  works  of  the  KumouKCudiUipah  C'lUial,  of  which  wc  are 
Alxuit  to  pve  an  outline  description,  and  a  few  years  later  the 
'  Last  Iiulian  Irrigation  Company '  ^vas  fonjicd,  and  undertxKik 
— but  without  any  guarantee — the  constnietion  of  eanaU  ia 
Orit*a  and  BengaL  This  Company  carried  out  a  good  deal  of 
Work  in  the  dislnctA  named,  of  which  wc  have  already  made 
mention,  but  v>as  iMmght  out  by  the  Govenunent  iii  1867*68. 
The  'Madras  Irrigation  Comjjany''  constructed  and  mbnin- 
i^tcred.  for  many  years  the  existing  Kuniool-CiKhlnpah  <*mial, 
but  tile  workn  were  eventually  purchajicd,  at  a  cost  of  over  two 
odlllons  sterling*  bv  Government  in  the  year  1B82.  Both  these 
cues  of  the  emiilovmcnt  of  companies  for  the  construction  of 
bngmtion  whI  imngable  canaL»  proved  exjajisive  failures  to  the 
State,  the  causes  of  which  we  are  happily  not  here  reqtiired  to 
Otter  into. 

n»c  original  'l\ingahhaclm  project — ns  the  work  we  lia\e  now 
mder  comi deration  wa*  then  called — contemplated  a  canal  for 
if  '  •  ■  '  itid  navigation*  derived  from  the  Tungabhadra  river, 
*  1.  above  Kurnool,  passing  vht  Cnddapah,  and  ending 

in  the  Kixtnapat^un  ebtuary  on  the  sea-coast  a  few  miles  soutli 
of  Nellori\  Only  the  portion  betvreen  Kurriool  and  Cuddapali 
Wto,  however,  actually  carried  o\iU  the  work  on  which  wHh 
liTMticnlly  completed  by  the  Company  in  1871.  The  a^main- 
ii^  length  of  al>out  eighty  mile;.,  l>etwecii  Cuddiipah  and  Hie 
ODUt,  or  «ome  iTtodificalion  of  the  original  pro|x>A<il  which  will 
fiUce  a  large  area  of  the  interior  uppiT  country  in  c<navenient 
iwrigii*  '  '  ft  with  the  '  Ejist  Coitst  Canah"  and  with  the 

etpthu  '     l  is,  will  probiddy  Ivfore  long  U-  undertaken. 
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TJit'  Kurnool-Cuddapah  Cann!  is  iinforturmteU'  tlic  titiunda] 
drag  weight  of  tde  Madra-s  system  of  irrigation  works,  fiiiting 
at  present  to  pay  its  ordinary  working  expense's,  and  .showing 
a  net  deficit  at  the  end  of  18^)0-91  of  over  im),lK>0.  It  is 
practically  the  only  irrigation  project  in  tfie  Madras  Pre?i!<lency 
oij  which  any  important  deficit  occnDi,  the  i»mj"rity  yielding  a 
consitlerahle  yearly  revenue.  The  canal  comniauds  the  large 
area  of  5^21,5(X)  aeiTs,  hut  irrigates  only  nhout  ^5,000,  whilst, 
owing  to  lis  disconnected  position,  the  na^'igation  traffic  is 
small.  The  population  of  the  districts  affeeted  hv  the  canal 
are  largely  unused  to  net  eidtivntion*  and  the  project — unlike 
the  greater  nuiulHT  in  the  MadrfLs  Presiideney— tUies  not  si> 
much  afford  facilities  for  the  extension  of  an  already  highly- 
valued  irrigtition,  but  in  reality  introduces  it  for  the  first  time, 
requiring  for  ultimate  sueeess  the  \irtuxd  .sul)stitnti<in  of  a  wet 
for  a  dry  system  of  cultivation.  The  difficult  elumteter  of  the 
country  through  which  the  upper  portion  of  the  canal  had  ta 
be  carried  has  moreover  weighte<I  the  project  with  n  heavv 
initial  outlay. 

The  canal  begins  at  Soonke-^la  (17  miles  aUne  Kumool)» 
with  a  weir  across  the  river  Tiingnbhadra,  lolH)  yards,  or  nol 
fisir  short  of  a  mile,  in  total  length  of  clear  overfall,  which 
broken  into  two  lengths  by  an  iutervening  island,  Tliis  weir 
\&  constructed  pai'tly  of  ssolid  rubble  nia^ionry,  and  purtly  of 
concrete,  faced  with  maaonry  in  front  and  rear.  In  height  it 
varicri  from  Ci  to  2f)  feet,  witli  an  average  height  of  18  feet. 
The  maximum  flood  waters  pi8h  at  a  depth  of  7  to  S  feet  t)ver 
the  crest* 

The  weir  is  built  on  the  nK'ky  bed  of  the  river,  and  not 
carried  in  a  straight  line  across  it,  but  follows  in  a  serjientine 
course  the  line  of  the  highest  sound  rock.  The  down-atreani 
face  of  the  weir  wall  in  tlie  liighejit  portion  is  vertical ;  the 
water  tailing  on  to  the  natural  gneiss  rock  below.  Of  late 
years  the  Iwd,  especially  l>elow  the  scouring  uluices,  has  shown 
signs  of  erosion  and  disititegration,  necesAitaling  a  protective 
covering  of  masonry. 

From  the  right-hand  side  of  tlie  pool  alxive  the  weir  the 
water  is  admitted  into  the  ciuial  by  head-sliTicch*  the  river  faces 
*i  are  kept  clear  l>y  u  line  t*f  ten  uiultT-sIuices  pla^j^^^ 
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level  in  the  rtdjoining  weir;  the  eiimmt  being  foreetl 
ucnxHM  Ihr  line  tjf  eaiiai  nluleefl  by  a  long  eiirved  spur,  or*groiu/ 
caiuil  fttr  Ihc  first  75  miles  of  ]ts  tieseent  has  a  bottom 
itfUi  <jf  JH)  feet,  and  eiirrie^  8  to  9  feet  in  dL}>th  of  water.  In 
this  lentil  it  has  a  verv  tortuous  and  difficult  course,  crowsiiig 
many  trihutmneM  of  the  Tungflbhadra  by  H<nietiitcts,  cif  whieh 
Uie  prineifml  i.*  that  over  the  Hindry,  carrying  tla*  emial  90  feei 
broody  and  H  feet  deep,  over  the  river  at  an  elevation  of  3S  feet 
aixive  (he  hetl«  on  fourteen  arelies,  each  i>f  40  feet  spaa.  UTic 
total  IcnjK^lh  of  the  aqncthict  is  (i51  feet. 

At  the  75lh  mile  llie  canal  paftiscs  tiirough  the  watershed,  or 
rid|^  of  srpHratton,  Iwtweeri  the  Tun^ibhadra  and  IVnnair 
draina^^  sy.stein.s,  by  a  long  and  deep  cutting.  From  this 
point  the  nntunil  waterci»un»es  of  the  country  beeonie  the- 
n-supply channels,  the  water  l)eitig  taken  at  four  |K>iirt>i 
means  of  auinttH  tlirown  across  the  Kali,  Koondnr,  ami 
I'ciinair  rivers.  Iktwecn  the  T5th  and  95th  miles  the  iwnal 
180  fe*'t  thcon^ti  twelve  locks,  eueli  1^0  fi-t-t  lon^  rmd 
I  .1  ;  i  l  widr,  and  bet^^mi  the  118tli  and  14Gth  miles  it  [>a&ses 
I  through  i*eventet»n  locks,  with  mi  a^^gregate  fall  uf  IHlk  feet, 
■Mkc  witlth  of  the  canal  Inin;;  here  reduced  to  50  fw\.  At  the 
PH4Gtl)  mile  the  canal  tonciies  tlie  Xooiidur  river  at  Uajoli,  where 
a  Kupply  weir  is  thrown  across  the  river.  At  the  17^  miU* 
the  irrifjfilinn  clmnnel  ceases.  From  thentv  to  the  river  Pennair 
at  the  IHl.st  mile  (to  which  it  dc-scemU  9(U  feet  through  nine 
luckh)  the  canal  is  a  ntill-water  navigjition  ehaimel  only, 

Tlie  works  on  the  Pennair  rivtT — v^hich  is  crt>»isi'd  hy  the 
oituil^constMt  nf  a  mn-sonrv  weir,  willi  head  and  scourin^- 
sluioes  juuJ  an  entrance  lock,  tlie  jpites  of  which  arc  25  feet 
BMUgh.  The  weir,  whicli  for  the  ^^ater  portiim  of  ten^^th 
Wtkn  on  Hand,  is  >iippt»rtetl  on  double  aiat  siiigk-  rows  of  wells, 
»imk  deeply  into  the  river  lK*d.  Below  the  ilown-streain  sIojk* 
of  the  wrir  there  is  a  n>Li^h  .stone  apron,  105  feet  w  ide.  Ik-vond 
the  IVnnair  river  tlie  canal  at  [jreseiit  e\tend.s  fur  a  di.Htanee 
ttf  8  utiles  only,  irrigating  a  snmll  area.  The  lenj^h  is  in  fact 
the  fin«t  pi>riion  of  the  proptised  e\tenaion  to  the  coast  neav 

TUe  |jeculiar  feature  of  the  KunioobCudda|^)ah  Canal  is  thr 
t  lUitl  k-n^th  of  many  of  its  emhankntrnU.    Theae  mnpi* 
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up  to  a  height  of  50  feet  from  the  ground  surface  to  the  water- 
line  in  the  canal,  and  are  35  and  40  feet  high  over  long  stretches. 
The  banks  are  constructed  in  various  ways,  the  largest  being 
&ced  with  masonry  walls,  supported  by  gravelly  banks  on  the 
outside.  Some  have  a  core  of  clay,  or  *  puddle,^  in  the  centre, 
on  each  side  of  which  rough  stone  is  packed.  Others  have  a 
thickness  of  clay  puddle  on  the  inner  face  of  the  slope,  overlaid 
with  loose  stone.  There  are  altogether  some  10  or  IS  miles  of 
these  embankments,  presenting  somewhat  novel  and  unusual 
forms  of  construction. 

The  total  length  of  the  Kumool-Cuddapah  Canal,  which  is 
navigable  throughout,  as  at  present  constructed,  is  190  miles, 
with  313  miles  of  distributing  channels.  As  already  stated,  it 
irrigates  only  about  25,000  acres  out  of  321,500  acres  com- 
manded. In  the  year  1890-91  the  value  of  irrigated  crops 
raised  was  i?70,050.^ 

The  above  works  represent  the  most  important  of  the  large 
irrigation  systems  of  the  first  class  in  the  Madras  Presidency. 
The  eight  works  comprising  this  class,  which  have  been  con- 
structed at  a  capital  outlay  of  borrowed  money  of  over  6J 
millions  sterling,  yield  a  yearly  revenue  of  ^Sl^flOO^  or  nearly 
7  per  cent,  on  their  cost,  and  dPl 74,000  annually  after  deduct- 
ing interest  charges.  This  revenue  would  be  far  greater  were 
it  not  for  the  heavy  loss  sustained  in  the  case  of  the  Kumool- 
Cuddapah  Canal.  The  combined  eight  works  irrigate  an  area 
of  over  2^  million  acres,  or  3666  square  miles,  and  command 
upwards  of  3,000,000  acres.  Of  the  enormous  number  of  the 
works  of  the  minor  class,  constructed  by  provincial  or  local 
funds,  there  are  twenty-one  systems  of  a  prominent  character, 
of  which  four  are  exclusively  canals  for  navigation.  Space  will 
not  admit  of  any  separate  consideration  of  these  works,  which, 
however,  include  the  numerous  ancient  tanks,  or  reservoirs,  re- 
stored and  maintained  by  tlie  Government,  some  of  which  are 
of  very  great  magnitude,  such,  for  instance,  as  the  Cummun  and 
Chembrambaukam  Tanks,  of  which  we  have  already  spoken  in 
the  chapters  dealing  with  native  works,  as  well  as  the  'Palar* 


^  Adapted  from  a  paper  on  the  'Soonkesala  Canal/  by  J.  H.  Latham.  Fi^t 
MinuUs  of  Proceedings t  Institution  of  Civil  Eft^neers^  vol.  xxxiv. 
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*  Lt>wer  Kak'tun  ^  anient  jsyKtoius,  each  irrigating  about 
acres. 

eoniparatn*elv  ftw  Inrge  *  pnxUH*ti\  t''  works,  a*  they  are 
«<!urially  dcsigiTatcti,  arc  of  great  vfiliie  ami  itiiportaiicv,  \K}t\i  to 
the  people  and  to  tUe  State,  but  they  are  suqiassed  in  local  value 
by  the  a^grt'gato  of  niintir  works  of  setomlii.ry  individual  iuiport- 
ancc.  Tht-se  niiriop  works  irrigati.*  a  total  area  of  do  Icsy  than 
8,167,  t52  acres,  or  5(H>0  square  mile?,  by  means  of  2422  miles 
in  length  of  itiain  airiab  and  distributaries,  and  yield  a  yearly 
rtnenue  of  -£'4^0,000. 

Of  the  tVmr  works  constructed  exclusively  for  navigation  Uuekiiigl 
puq>oKc:<,  one  only  It*  of  any  special  interest,  and  will  sene 
AS  an  iUu-strntion  of  this  class  of  ciUial.  The  '  Kast  Coast,^  or 
'  Buckinirhum^  Canal,  is  a  Ji:alt*water  tidal  channel,  ext^nditig 
idoug  the  ea-^t-cojLst  of  (he  Madras  PrL'sidcncy  for  a  distance  of 
miles,  of  which  niik':*  lie  north  of  Miwlra^i  city,  and 
extendi*  U>  I'lnlda  Gangam,  at  which  place  it  is  in  coinitumica- 
lion  with  the  navignble  tuiial  syslems  of  the  Kistna  and 
Gtxlavery  delt/is.  Scuith  of  ^latlrasi  city  the  caiml  extends 
66  niiU*<  to  ^{crkanun1^  a  place  situated  about  25  miles  from 
the  northeni  Umiidarv  (*f  Pondiclierrv. 

The  canal  runs  everywhere  (|uite  close  to  the  ^ea^  and  is 
nowhere  more  than  S  nulcs  distant  from  it*  It  has  lieeii  con- 
•tnictetl  by  decrees,  at  varying  intervals,  ahnast  from  the 
beginning  of  the  ccntur)'.  The  general  featureM  of  tlie  seri 
eoftftt  on  tJiis  side  of  India  consist  of  long  |>nrallel  lines  of 
•«and  dunes,  Jving  along  the  shon\  and  bctwet^n  these  dunes 
there  art*  oflfu  cottsidemble  stretches  of  shallow  de[>ressions  or 
hollows.  These  hollows,  frei|uenMy  forming  backwaters,  are 
filled  with  »ea-wattr,  and  arc  of  sufficient  depth  in  many 
pUoe%  for  imvigation,  lading  supplied  through  the  bars  of  the 
rivers,  with  which  they  are  in  connection. 

So  Cu-  l>aek  05  the  year  ISOl,  the*  narrow  strips  of  backwater 
fbund  at  Uie  nuuitli  of  the  river  Kortalayar,  sugge^ited  to  a  Mr. 
H«dke  the  idea  of  obtaining  a  Government  coucessifai  to  cot  a 
ouial,  nliaut  11  mile*  hmg,  from  MadrjLs  to  the  8uuthcni  end 
cf  the  Ennore  breakwater.  This  permission  was  granted,  and 
Mr.  Ba^it  CiM'hnuie  becanie  suretv  for  the  pnjjector.  Air. 
CVhrane  »ub»equently  obtaintnl  entire  control  tif  the  work. 
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which  he  calU'd  ''LtJiil  Clive's  Canal/  tiiid  shortly  iiAurwardH 
he  oxtoitdetl  the  navigation  16  miles  further  nottli,  to  i*ulicat 
lake.  This  ^n.nitlcniaii  remained  Hole  proprietur  of  the  eaii&l, 
with  (luthority  to  levy  tcills,  for  forty-Hve  ycixr^^  tiating  from 
1802.  In  18fJ7,  he  having  left  IjuUh,  the  eiuirtl  got  itito  \uit\ 
order,  wlicn  his  riglits  were  hougljt  out  by  the  Government, 
who  paid  him  at  the  rate  of  i^l4^J6  a  year,  uj)  to  the  year 
1847,  when  his  lea'^e  expired. 

This  wa-s  the  toninieiicement  of  the  '  Buekinghjim  Canal,^ 
then  known  at*  '  Cochrane''s  Caiial/ a  name  whieh  still  adheres 
to  the  older  portion,  and  later  as  the  *  East  Coivjst  Canal.*  In 
W5^  a  loek  waw  built  niiles  nt»rt!i  4>f  Madniw,  fmrtly  as  a 
sanitary  measure,  and  to  mahitain  a  sufficient  depth  of  water 
for  the  navitrjition.  The  ehannel  wns  i\,iso  extended  to  69  miles 
north  of  the  same  place.  About  tlie  same  time  the  canal  was 
eveavated  south  of  Madras  10  miles  to  the  Palar  river.  At 
inter%'alij,  for  many  years  afterwiirds,  further  t-xtensions  in  lK>th 
direetions  were  nmde,  the  ultinuite  object  in  view  Ireing  to  eflcct 
a  junction  with  the  Kistna  delta  navigation  in  the  north,  and 
to  connect  the  canal  with  the  French  possession  of  Pondichcrry 
in  the  south. 

In  1876-77,  under  the  pressure  of  famine,  it  wa«  decided  that 
considerable  extensions  of  the  canal  should  be  earritnl  out  by 
Ikniine  lalKuir,  imd  under  the  orders  of  his  Grace  tlie  Duke  of 
IJuckingham,  then  Governor  of  Madras,  large  gtings  of  work- 
people from  the  famine-stricken  districts  of  Uellarv,  Kuniool, 
and  Cuddapati  were  mart*iied  ilowti  to  tlie  eo»tst,  and  were  set 
to  work  along  the  whole  line.  At  one  time  it  was  reported 
that  100, (KH>  men,  \v*nnen,  and  ehildR'n  Mere  thits  emjdoytni. 
On  the  terminntion  of  the  fanunc  the  whule  length  of  the 
existing  Buckingham  Canal— as  it  then  eaine  to  lie  called 
mav  be  said  to  have  reached  a  certain  stage  of  com])krtu»n, 
Subsequently,  in  tlie  year  lH8ii,  funds  \it.'re  fissigneil  for  th 
full  completion  of  the  eanaU  from  Pedda  Gangam  on  the  nortl 
to  Merkanum  on  the  south,  Tlie  work  thnmghout  is  of 
simple  character,  consisting  for  the  most  pari  cjf  a  cut  earri 
along  the  sand  dunes,  taking  advantage  of  all  the  natural  Ivick 
waters,  having  a  bottom  wiilth  vnrving  fnmi  20  to  30  feet,  wit 
Hide  slopes  from       up  to  4-  to  1*  according  to  the  nattm*  o 
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the  iiiaU'rial,  and  a  ticpth  of  feet  below  the  lowest  recorded 
tide  hi  each  reach.  The  several  reaches  of  the  canal,  which 
*  tervvne  bt'tMxi'ti  separate  drainage:^,  are  for  the  most  part 
^laf^xl  hy  means  of  H4>otl-gatt's^  so  as  to  exchide  wlienex'er 
dtfired  all  extraunlituirv  ttoods,  and  at  all  points  where  drainr^^ 
enwscfl  the  hne  of  the  canal  the  watercourses  are  trained,  so  as 
to  preserve  a  tlei-p  i-harniel  for  tlie  passa^  of  l>oats.  The  side 
einhanknieiits  are  made  up  to  a  level  of  S  or  4  feet  alKtve  the 
lli;rhe^t  krtown  water  level. 

Tht^  eatial  afl'ords  liOT  miles  of  chea])  water  cnininttnieation 
out  otSHl  miles,  which  intervene  l>etween  the  city  of  Madras 
md  the  Iiytl('nd>ail  coalfields^  and  also  ]>laces  that  fitv  in  direct 
Hater  eonnnuiiieation  witli  the  well-irrigated  deltas  of  the 
Ki^tna  and  Godavcry  rivers,  and  Uius  fonns  a  itio.st  valuable 
lioe  of  f^mnit'lion  durlnfj  jwriods  of  famine. 

In  the  year  ISSi  a  [miji^t  of  an  exceptionally  iiiterestiiif(  and  iViju- 
mjwl  dmriu'ter,  liaving  some  features  of  enormous  proportions,  l*roj*?<5t. 
^as  eominnicetl,  and  Ih  now  approaehini^  completion,  in  the 
MadniH  I'residcncv,  of  which  it  wotild  Ix' a  ji;reat  omission  not 
to  make  mention  in  this  outline  description  of  the  principal 
Modra^t  irrij^ition  works.  Soiitli  of  the  Kaveri  river  the  di»- 
Irict*  of  Ma4hjra  and  Uamnud  dei>end  for  their  supply  of  water 
(oLher  ilian  thenivuity  Ua'jd  rainfall)  on  the  river  Vai^a,  which 
ri«»  on  the  ea.steni  slopes  of  the  hill^*  of  Travniicore.  The 
vtreanu  whiclj  fonti  iis  sources  are  very  little  affectetl  hy  the 
•outh-wi-^l.  monsoon,  here  scarcely  topping  the  crest  of  the 
gkdU^nnd  the  j*upply  of  water  aflbrded  is  altogether  inadequate 
for  tlie  wants  of  the  districts  nameil^  which  frcipicntly  have 
■uffrrrd  i«evcrely  fnnn  famines.  It  is  said  that  not  a  drop  of 
the  Viuga  water  reai.'he5»  the  j^ea,  and  that  its  channel  in  some 
JMtn*  ruDj*  dry,  even  a  few  miles  lielow  the  town  uf  Madura. 
Yel  whiNt  such  a  scanty  and  insuflk'ienl  sujiply  of  water  reaches 
the  thirnty  t^teni  [>lains,  the  j;reat  river  IVriar*  rising  among 
thr  Vfdlev.^  im  tlie  other,  or  tkV.v/mj  side  of  the  hills,  under  the 
the  influence  of  over  10<>  incheti  of  anntiat  nnnfall,  carries  an 
nuirroous  luluniL'  rapittly  down  to  iJie  cotist,  where  it  is  for  the 
RimI  part  dissi|mt<*d  and  lo»t  in  the  backwater*  of  Cochin. 
'Hit!  id^ert  of  the  iVriJir  irri^^ition  ])rojei*t.  the  works  of  which 
nrv  tynvt  nrnrlv  cimiplc^tiH!.  is  tc*  utilise  a  eonsjdertd>le  jMiHrun  n\' 
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this  supt'rahundant  rainfall  mmiing  to  waste  down  the  wostcni 
slopes  of  tfic  ghat  by  catcliing  and  diverting  it  to  th»?  opposite 
or  vaMrrn  of  the  dividing  ridg(.\  This  is  heing  cffW-teil  in 
the  following  way.  At  a  scU'ctt^d  jKiint  in  the  upptT  vallcvof 
the  Pcriar  river  a  lofly  dam  will  intercept  the  water  (jraiiiiiig" 
from  300  stjuare  miles  of  its  catchment  liai^in,  raising  its  level 
at  the  waste-weir  of  the  darn  to  a  height  of  no  less  than  144 
feet  almve  the  deep  he<t  of  the  river,  and  fornuTig  behind  it  an 
immense  re3cr\"t)ir»  stfiring  l.'ijJiOO  mtllton^  of  euhie  feet  of 
water. 

At  a  height  of  Il!3  feet  above  the  bed  of  the  river,  at  the 
dam,  but  at  the  opposite  op  upper  extremity  of  the  reKervoir,  a 
deep  cutting  is  carried  northwiirds  fi>r  a  distance  of  540()  feel. 
At  this  point  tlie  eultiug  is  n.'plaeed  by  a  tunnel  G650  feet,  or 
\\  miles  in  length,  through  which  tlie  water  will  be  eonveye<l 
from  the  western  t(t  the  eastern  hide  of  the  dividing  range  of 
hills^  and  will  be  discharge*!  into  a  tributary  of  tlie  Vaiga 
river. 

Of  the  tobd  water  stored  in  the  reservoir,  when  full  to  the 
level  of  the  two  waste  escapes,  one  on  either  side  of  the  utain 
dam,  6815  millions  of  cwhie  feet  is  available  for  irrigation  ill 
the  eastern  dijstricts^  and  it  is  eatimateil  that  alwut  50,000 
millions  of  cubic  feet  will  ho  annually  available.  The  IVriar 
danij  which  clowe?*  the  valley  of  that  river,  is  iiSO  feet  long  at 
the  bottom^  and  1200  feet  long  on  its  top  line,  and  rises  to  n 
height  of  155  feet  al>ove  the  deep  bed  of  the  river.  On  the 
summit  is  a  paraj.»et-wall  5  teet  in  height.  The  dam  is  being 
constructed  entirely  of  concrete,  made  by  mixing  togetlier 
hydraulic  lime,  sand,  and  broken  stone;  the  latter  obtained 
from  the  excavations  for  the  escape  weir>^,  oi'cijpying  saddles  iu 
the  adjoining  roc'ky  InllttideM.  At  its  highest  portion  the  datii 
is  116  feet  thick  at  the  base  and  VZ  feet  thick  at  the  top,  4  feet 
of  the  top  widtli  Inking  occupied  liy  tlie  p\ra|X't  wall. 

On  each  side  of  the  main  dam  the  waste  weirs  have  a  length 
ctf  500  feet  and  420  feet  respectivelv,  their  en'stn  being  11  ftvt 
below  the  top  of  the  dam.  The  water  falling  4>ver  the  escape*? 
is  received  into  Ijasins,  which  form  water-cuahioa'*  Indow  thent^ 
The  nx^k-cutting,  over  a  mile  iti  length,  conveving  the  walrC 
fr<nn  the  upper  end  of  the  reservoir  to  the  nhoiilh  (if  tfie  titiitirl 


or  Mibtermiifan  iupifLtiKt  is  21  fcrt  broad,  with  a  fall  of  lU 
feet  jicr  mile,  and  it  grWimllv  incrcii^^  in  dejith  up  to  iiO  fett, 
vhca  the  tutuit;!  in  co»mieuci?d.  The  tunnel  through  the  high 
jiortion  nf  tJif  nd^e  is  12  feet  wide  and  7h  feet  high,  with  aftdl 
of  1  foot  in  75.  Suitable  rogiiiatingshiices  control  the  entmnce 
oi  water  into  tlie  tunnel,  and  are  elsewJierc  provided  a.**  neces- 
Mr\%  M>  that  perfeet  control  niuy  \k*  cxcrt-iised  over  the  move- 
CbiU  of  the  water,  wlu-ther  nt  ordinary  times  or  durinj^  periods 
of  cstmordinary  floods.  On  the  eastern  side  of  the  ridge 
vunoa%  work>  arc  eoiiHtriictetl  to  regulate  the  flow  and  distribu- 
tion fif  tJie  water. 

'Vhe  scheme,  vlien  eiutipletetl,  will  provide  irrigation  for 
140,C)00  to  150,0(10  iicres  of  hind,  eomiuencing  at  alK>ut  80  or 
or  yo  miles  fnan  tlje  head  rL'WLTvoir.  The  estimated  cost 
of  tlic  project  is  ^*634,000.  It  is  one  which  will  l>e  of  enonnons 
lienefit  to  the  thstrietji  affceted,  and  will  doubtless  prove  ver}" 
remunerativt'  artcr  it  htts  been  a  refusonahle  time  in  operation. 

We  can  now  briefly  sum  up  the  quantities  and  values  result-  Geuem! 
ing  from  tlie  mass  of  irrigittion  work!*  eonstnu  ted  tn  the  Madran 
PrrsidencVj  a^  exhibited  in  the  otiieial  returns^  wliich — it  shiHild 
bp  rememliered — only  include  those  works  under  tlie  care  and 
ju-ltninisl ration  of  the  Govemmenl:  Irrij^ation  Department. 
VUogHluT,  there  evislt^l  in  Hie  year  18^)0-91,  *^>S9  miles  of 
Qiiun  and  bnuieh  canals,  and  miles  of  distributing  channels 
it*xclu'«ivt?  of  a  larj^e  mass  of  minor  works,  for  which  this  par- 
titular  detail  is  not  *jivt'n,  but  which,  to^'ther,  irripiate  an  ami 
lar^jer  than  lliat  irri<i;ated  l>v  the  mileaffe  of  ehamtels  above 
*kalrd>.     Of  tliesi^  eaniils,  1^^75  mik's  are  luivjpiblf. 

Tlie  area  m'tuullv  irrigjited,  ineludin|r  all  the  minor  works, 
*M  3^14,18+  ju'res,  or  KGl  "*  stpmre  miles.  The  capital  otitlftv 
tncurrrd  hv  the  Hritinh  (lovernmcnt  in  the  Madra?.  Presidencv 
"8  tJie  jnajor  and  j»rineii>al  mim»r  works  uuiounts  to  over  6J 
million  ]>ound.s  yiehlinjyf  n  net  revenue  of  i^51,000,  and  a 
«uq>las  aimual  n-vt.nnK\  after  ]iavinp  interest  on  money  l»or- 
w»pd,  of  over  1T?50,0(X),' 
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SCINDE  AXD  BOMBAY  IRRIGATION 

Bombay  and  Scinde  canals — Inundation  canals  in  Scinde — General  results — 
Bombay  irrigation — Principal  rivers — Main  object  of  Bombay  Irrigati<Ni 
Engineers — Area  irrigated  small  as  compared  with  other  Provinces — ^Works 
of  the  first  class — Jamda  canals — Khrisna  Canal — Ekruk  Tank — Fife 
reservoir  and  Mutha  canals — Nira  canals — Bhatghar  reservoir — Mbasvad 
reservoir — Hathmati  Canal — Minor  systems — Areas  irrigated  —  General 
results  of  irrigation  in  Bombay — Concluding  remarks,  and  general  sammazy 
of  irrigation  throughout  India — Recent  review  of  irrigation  works  in  India 
up  to  end  of  the  year  1890-91 — Conclusion — Note  on  Government  classifica- 
tions of  canals. 

knnbay  and  In  the  British  province  of  Scinde,  on  the  lower  part  of  the 
^all  Indus  valley,  and  forming  a  part  of  the  Bombay  Presidency,  a 
very  large  area  of  cultivation  is  annually  irrigated  by  means  of 
a  complicated  network  of  inundation  canals  and  their  branches, 
originating  in  the  Indus.  The  average  rainfall  in  this  part  of 
India  is  barely  9  inches,  and  many  localities  may  be  said  to  be 
practically  rainless.  Unlike  the  rest  of  India,  therefore,  culti- 
vation is  here  entirely  dependent  on  irrigation,  either  from  the 
canals  or  from  wells.  The  annual  rise  of  the  Indus,  due  to  the 
melting  of  the  Himalayan  snowfall,  which  commences  in  May, 
again  subsiding  in  August — by  whicli  rise  the  inundation 
canaLs  are  fed — takes  the  place  of  the  annual  monsoon  in  other 
parts  of  the  country. 

In  the  previous  chapters  dealing  witli  ancient  native  irriga- 
tion works,  mention  has  been  made  of  the  enormous  develop- 
ment, from  very  early  times,  of  the  system  of  inundation  canals 
in  the  Indus  basin,  and  of  the  main  features  of  this  kind  of 
irrigation  work.  As  the  large  majority  of  the  inundation  canals 
in  Scinde  are  old  native  works,  in  many  cases  enlarged  and 
improved  under  the  British  Government,  it  will  not  now  be 
necessary  to  do  more  than  indicate  the  general  results  of  their 
working.     Anything  like  a   detailed  description  of  thest> 
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uuuicrotif<  clmiiiK'U,  wliirli,  flltlumgh  of  tUf  utmost  simplicity  in 
th<rir  constnictive  fcabires,  nrc  yet  in  some  fL*ipects  ainntig  the* 
mi»i  inti*rv>tjiij5  cbi^s  of  works  in  Tiuliii^  wouUl  ncvcrthelejis 
prolmlilv  fail  to  enlist  ihv  iiitt^rest  of  tlit*  p;ent'nil  reatlrn 

It  Ims  alreatly  \ywn  mentioued  that  the  chief  difficulty 
iitt4*n<nnfr  the  workini^  of  these  iniriidatioTi  cnimls  is  the*  inccs- 
sauit  L'tlK>ur  mpiircii  to  keep  them  okvir  owiiin;  to  tlic  enormous 
firpnsit  brought  down  hy  the  Indus.  Formerly  this  euiist&nt 
clearHiice  was  efFecteil  hv  means  of  statute  hiTwiir,  and  each 
cultiviit<>r  WHS  k't^ally  hound  to  furnisli  a  uumher  of  hiliourerii 
during  the  cold  season,  from  Decemhor  to  April — when  the 
clmmmx'!*  wore  ehiefly  effected — proportionate  to  tlie  nrvii  of 
land  cultivnU'J  hy  him.  Statute  la!  tour  was^  however, 
ftbcilifilied  by  tlie  Government  in  1856,  and  tht»  annual  work  of 
kwpirif^  fhe  clwimiels  clear  of  deposit,  has  since  l>ecome  the 
chiff  source  of  expense  to  Goven>ment  in  the  niainteuance  i>f 
thruk*  cuimli. 

whole  of  the  S<'im{c  iniuidntion  canals  are,  for  ndminix* 
irative  ptiq)ost%  divided  into  Mcveii  itistrict  ^nmps,  ^vhieh  con- 
tain an  iifC^fT^'K'^*^  Icii^h  of  irrr^jation  channels  amounting  to 
iS9!i4  miles.  To  protect  particuhtr  areas  from  excessive  and 
Tinlent  inurithiti<in  dorinjij  the  period  of  hl^hcfit  flocMk,  there 
Havc  ako  bci'n  conf^tructed,  and  are  maintained,  u]>wardH  of 
650  miles  in  IcnLfth  of  prott^tive  einhnnkments. 

In  the  year  lH81)-9(i,  the  t<»tHl  area  irrif^atcd  by  the  fty&tcni 
of  tnttndation  canals  in  Hcinde  was  £!,S49,rtl9  acrt?s,  or  3671 
miies.  This  area  viines  annually  iwconliu*;  to  the  ex- 
duration  of  the  summer  rise  i»f  tJie  river  Four  itii- 
t  canals  vi/,  TIjc  *  Desert  Canal,"*  ^  Unharwah,'  '  Hipiri** 
*  Kaiitcm  Sara  Work^"^  arc  chws<*<l  as  major  (prodtictivc) 
vorks  ind  \ieldetl  a  n^tuni  of  alxnit  |kt  cent,  on  the 
cvpital  cxpendi'd,  and  show  an  accumidateti  net  ri'vcmie  of 
X'15^J^7,  after  ileduelin^  interest  charges.  The  numenodly 
Ur{^  group  of  workn  chtsse<i  as  '  minor"  yielileti  an  u;;;;rc^utc 
net  return  of  ^il  \ier  cent.  DuHuff  the  (tame  year,  the  net 
n  V  11  tnird  on  the  whok*  of  the  irnj;Hlion  canals  in  Scinch* 
A),  to  X^^:32.t*(>5,i 


'  Tot  ileoiti  ol  iadividu&l  works  In  Scintle,  j'tJf  Ap^wndU  E. 
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Boniliay  la  Koiiibay  propter,  tliivc  priiicifMil  rivers  take  their  rise  on 
the  Western  ffhdts^  and  flow  castweirtls,  viz.,  tlie  Bhiinii, 
Krishna,  and  Tuinbudm.  Tlie&e,  uniting  Ik'Ujw  Kumool,  form 
the  single  Kistna  riier,  whiclu  after  traversing  tlie  Mftdraj* 
Presidency,  enters  t)ie  Bay  of  Uei>^nL  Fed  hy  nuitierons  tribu- 
taries rising  among  the  same  hills  the  u]>per  portions  of  the^e 
three  rivers  pass  through  the  south-eastern  section  of  Botnba}', 
and  their  waters  are  utilised  in  various  ways  for  irrigation. 
The  difficulties,  liowcver,  in  the  case  of  these  larger  rivei^,  atv 
very  great,  owing  to  the  eomparativelv  slight  fall  of  tJicir 
channels,  and  the  small  voliune  of  water  they  carry  during  the 
drv  seaiion.  In  the  northenri  portion  of  the  Prehideney  (exclud- 
ing Scinde)  the  Nurbudda  and  Tapti  rivers  flow  fri>ni  west  t» 
east  ami  enter  tlie  Arabian  Sea, 

The  main  object  of  the  Bombay  Irrigation  Engineers,  i», 
first,  to  retain  and  store  up  the  ample  supplies  of  water  de- 
livered by  the  south-west  monsoon,  and  previ-nt  its  running  to 
waste  during  the  rainy  months;  secondly,  wherL'\er  possible^  tt) 
give  it  a  suflicieat  elevation  to  command  the  liry  and  thirsty 
lands  situated  on  tlie  sides  of  the  valleys  of  tlie  eountrv.  For 
the  most  part  the  natives  of  the  Bombay  Presidency  have  not 
attempted  to  store  the  waters  of  the  larger  rivers  ;  hut  stnidl 
tanks  on  the  minor  tribiftary  streams  are  very  numerous. 

jVs  couipired  ivitli  tlie  otlier  jtrovinces  of  India,  the  area  of 
land  artificially  irrigated  by  means  of  large  GJo'iemnient  workjt 
in  Bombay  is  very  nnall,  and,  as  a  rule,  the  works  that  exist 
command  a  far  larger  area  than  they  aetufdly  irrigjite  ;  the 
amount  of  irrigation  being  enonnously  alFected  by  the  occur- 
rence of  favourable  and  well-distributed  monsoon  seasons.  In 
such  years,  principally  owing  to  scarcity  of  labour,  tfie  crops 
which  require  to  be  matured  by  artificial  irrigation  are  largely 
reduced  in  favour  of  other  crops  that  are  liest  ninturcil  Ijy 
direct  rainfall. 

In  the  Bombay  Presidency  there  are  nine  irrigation  works  of 
the  first  class  in  actual  operation;  and  two  projects  arc  in 
course  of  construction.  Works  of  the  second  or  minor  v\us» 
number  ^7  in  aU.  In  actual  operation^  therefore,  tlierc  are  36 
separate  irrigatifMi  wcirks,  tlie  larger  number  (jf  w]n'ch  are  of 
small  size  and  importance. 
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The  earliest  wmk  of  nuy  consideration  undertaken  by  Uh'  JHiudji 
<TOVcrnntent  in  thv  Detxan  was  the  Jamda  Canak,  the  coii-*""*^" 
>tniction  of  vliith  was  comn)ent'cd  in  1863,  iTiffs*?  consist  of 
two  nuuils,  druwTH  one  from  tlit*  right,  and  the  otiier  from  the 
icfV  of  the  Girna  river,  a  tributary  of  the  Tapti.  ITie  head 
wurk^  iif  Ihesecarmls  tire  situated  at  Jatitdu,  in  Khandesh,  where 
n  weir  15-U)  feet  hmg,  and  18  feet  in  maxinuim  height,  fouiuled 
on  a  rticky  lH)tttini,  is  constructed  across  the  river.  The  eanal 
drmwn  from  the  lefl  lnuik  U  S7  inil*^  lon^,  that  on  the  rif^lit 
being  lii  mihN  unly,  witli  75  miles  in  all  of  distributiJig  ehan- 
nelH,  A  |K)rtif>n  of  the  left  hank  canal  was  opened  in  1866« 
d  has  therefori'  been  in  ojHintion  for  26  yeai-s.  The  right 
k  cjuial  wiLs  not  hrougbt  into  use  until  187H,  owin^  to  the 
small  demand  for  water  for  monsoon  cn>]>s.  The  canals  com* 
niHuil  au  irnLjalile  urea  of  30,500  acres,  hut  oetuallv  irrigate 
hut  ii  vrry  sa»/dl  |K]rtiiin  of  this, 

lu  the  Banie  year,  viz.,  18G3^  a  canal  derived  from  the  Krbh) 
Krifihna  (tlie  upper  jwirt  of  the  Matlras  '  Kistna  ^  river)  was  * 
coumieneed*  and  ^vm  tt>m}jlelcil  in  186H*  Above  the  head- 
M'ork?)  of  the  Krishi>a  canal^  the  river,  rising  in  tlie  Western 
gkdis^  drains  an  area  of  over  ISOO  nquare  miles,  having  a  rain- 
Ikll  of  iiO  inebe;^,  it  has  therefore  a  considerable  vohune  in  the 
rainy  M^ason.  A  weir  of  rubble  masonry,  1200  feet  long,  and 
fil  feet  high  in  the  highest  portion,  is  built  *icross  tlie  river, 
adong  a  nnky  liarrier,  which  is  situated  at  Korsee,  close  to  the 
town  of  Karad,  in  the  Satara  district,  where  the  Kotna  and 
KrisJina  chmtneU  meet  each  other.  From  uIkjvc  this  weir  the 
Krishna  canat^  (jl.J  iniU^  in  length  is  derived.  The  bed  of  the 
ctttud  is*  4  feel  lower  than  the  crest  or  top  of  the  weir,  which  i» 
provided  with  a  line  of  fictniring  sluices.  The  canal  is  calcu- 
lated lo  dischar^f  144)  cubic  ftvt  of  water  per  ssecond^  for  eight 
months  in  the  year  ;  but  in  order  to  take  advantagf  of  freshes, 
the  workft  are  designetl  mi  as  to  Ik?  cajmble  of  pas-Mug  I?00  ctibir 
Rvt  |X'r  seeoiul,  whenever  svieh  a  supply  if*  available,  IVo- 
%'iiion  i»  also  made  for  conHtnicting  at  the  end  of  Hie  rains  a 
lrra|Hirttry  earthen  bank  on  the  to|i  of  the  weir,  with  suitable 
e«ca|ic«  at  each  enil,  in  order  to  store  water  brouglit  down  by 
IIm'  xligbt  frr-shex,  which  often  occur  in  April  or  Mav.  The 
canal  commands  an  irrigable  area  of  25,533  acn*w,  but 
I  only  al«>ut  HXM). 
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One  of  the  (intst  of  the  tarlicr  works  of  the  n-sLTvoir  dfpw  in 
Boiiibiiy  is  the  Ekruk  Tmik.  situntt'd  four  or  five  niilcft  due 
north  of  Shohipivre.  The  construction  uf  tliis  rescrvuir  wa» 
coiiuiK'umI  in  IHfifi.  An  trarthtn  Iwink  or  (lani,  74KH)  feet,  or 
IJ  itiiles  in  length*  w-ilh  niasonrv  flankh,  and  76  feet  in  inaxi- 
niuni  height,  ts  ivarotl  Hcross  tht*  vidley  of  Iht*  Adhila  river — a 
tributary  of  the  Bhima.  This  dam  is  designed  to  raise  tlie 
water  to  60  feet  in  depth,  when  the  rt?sm'oir  is  full,  at  which 
time  the  area  of  its  WMter  surface  is  4640  acres,  or  7^  aquare 
miles,  ami  ifj*  contents  3350  niillions  of  cubic  feet  of  water. 
The  sites  of  Kve  villages  were  submerged  under  its  area.  Hie 
surplus  water  pfi^sejs  over  two  waste-weire,  ha%ing  a  combined 
length  of  750  feet,  into  a  ravine  ehannol,  which  rejoias  ihc 
Adhila  about  a  mile  lielow  the  dam. 

Three  canals  are  fed  from  the  reservoir,  fiavinjr  an  a^^regnte 
lengtfi  t>f  48  miles.  Two  of  these,  drawn  oft'  at  the  high-level 
of  14  feet  Ik'Iow  the  full  water-line  of  the  reservoir,  are  de<iigned 
to  furnish  irrigation  for  four  months  in  tlie  year  only,  and  nre 
18  and  4-  miles  long,  respetiively*  The  third  or  low-level 
canal,  S6  miles  long,  is  dntwn  oW  nt  30  feet  l>elow  full  watcr^ 
and  is  a  permanent  canat  providin/;  j>ercnnial  irrigation.  Each 
of  tlie  three  canals  is  capable  of  e\tensiou,  coniniandtng  an 
additional  area. 

At  present  tlie  total  area  commanded  is  15,3^0  acre!*;  but 
the  area  irrigated  in  1890-91  was  acre*  only,  p»irtly 

owing  to  a  favourable  rainfall  in  that  year,  hut  greatly  due  to  a 
diminiMlied  capacity  of  the  main  canal  in  the  first  eight  miles. 
This  channel  is  designed  to  carry  n  maxiuni  of  70  cubic  feet  of 
water  per  f^econd  ;  but  only  30  ctibie  feet  could  bt*  j>assed  down 
it,  pending  some  necefisary  repairs  and  improvements.  The 
eonstmction  of  the  Ekruk  reservoir  dam  was  completed  in 
1869,  but  the  canak  were  not  completed  to  tlioir  present 
lengths  for  many  years  afterwards, 
r  Another  exceedingly  Jarge  and  importunt  combined  irrign- 
tion  ami  water-f^upply  scheme  is  the  Fife  reservoir  and  Mutha 
canaltt  system  near  Forma.  This  Beheitie  was  proposed  by 
Colonel  Fife,  H.E.,  in  1863,  and  was  commenced  in  1868. 
The  Fife  reservoir  lias  Imx-u  foruKil  by  the  construction  of  an 
enormous  masonry  dam  across  tfie  valley  of  \hv  Mullin  riv.T. 
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at  a  point  about  ten  miles  south-west  of  Poena*  TUk  masonry 
duiii  at  tlvf  time  of  its  construction  Tsas  probably  tbc  largest 
work  of  the  kind  then  attempteti. 

'riie  MuHia  river  is  a  triliutary  of  the  Bhinm,  and  rises  in 
the  Western  ghaU,  w>nie  20  to  £5  miles  above  the  rcsenoin 
Thi*  cjitthment  area  is  196  square  miles,  with  an  average  rain- 
fall of  iJ4  inches.  At  the  point  selected  for  the  reservoir  dam, 
iiciuiul  nx'lv  viiiA  met  with  near  the  sxirffuv.  The  dam  is  con- 
structed of  uJicoursed  rubble  masonry — its  length,  exclusive  of 
the  wantt'-weir,  Iwing  B68!i  feet,  the  waste-weir  being  1453 
fwt  long,  llie  maximum  hcifjht  of  the  dam,  from  foundation 
to  summit,  in  li)fi  fcet»  or  9ti  feet  alH>%'e  the  lowest  Ix-d  of  the 
river.  The  crest  of  the  wa>ite'Weir  is  87  feet  above  the  same 
point,  or  11  feet  below  the  top  of  the  dam. 

The  cimtentn  of  the  reservoir  when  full  is  5200  millions 
of  cubic  feet,  and  the  area  of  tlic  full  water-surface  in  3^300 
fBte&,  or  nlightly  over  Hve  sipiare  miles*    In  order  to  gain  the 
tfWvalion  nivt^irv  to  conmiand  the  station  of  PtJona,  and  tlie 
diiitrict<i  beyond,  the  le\el  of  the  bed  of  the  canals  fed  by  the 
PMcrvoir  is  placed  at  59  feet  aiwve  the  river-bed.    There  is, 
Uierefortv  28  feet  in  depth  of  available  storage  between  tlie  Ix-d- 
hnel  of  the  canals  and  tlie  crest  of  tlie  waste-weir^  representing 
^i6S0  milHon.H  of  cubic  feet  of  water,  or  a  maximum  of  SSdS 
millions  of  cubic  feet,  when,  at  the  end  of  the  rain»  the  water- 
Wwl  is  rai^l  some  4  ftvt  above  tl»e  top  of  the  waste-weir,  by 
nicutit^  of  jwwts  and  slitliuf*  planks  which  are  fixed  along  tlie  creat. 
It  \s  iistimatetl  that  during  an  average  season  the  reservoir  fills 
«xtmi  linn-s,  and  that  one-sixth  of  the  whole  discharge  of 
thr  river  is  utiliHed. 

Two  wuwds  are  supplteif  from  the  rt'servoir,  one,  on  the  right 
bank  of  the  iMutlia,  about  70  miles  long,  [lasses  through  the 
*Ut)on  of  Foona,  then  turning  to  the  efv*twards,  it  irrigates  a 
kin^  tract  of  country  Ivin^  in  the  dry  wine  of  the  Diwjin. 
between  the  rivvr  and  tJjc  foot  of  tlte  billy  range  to  the  i*outli. 
The  second  canal,  which  ia  14J  miles  long,  extends  only  a 
*Wirt  distance  lK*vond  tlie  military  statitm  of  Kirkee,  at  which 
^Ucc  water  i«  suppliitl  t*J  the  p(wder-works. 
The  lotid  area  irrigid)lc  by  these  canals  is  nearly  50,000  acres, 
t  imly  alx>Lit  11,000  to  12,000  acn*?*  are  actually  irrigated. 


no 
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Besules  providing  for  irrijipition,  the  project  w  cimigned  to 
fumi$h  an  nbundant  supply  of  pun?  water  to  the  city,  dvil 
station,  ami  tvuituDnient-s  of  Poona  iiTiil  Ivirkw,  aiid  to  iiutticr- 
ous  villager  U  in^  «li>ug  thu  toiirsc  of  the  canals.  A  con»iderablc 
portion  of  tlitr  viairly  rc'venue  is  dtrived  fn>in  thin  source*  Iitj 
the  y**ar  1n9<^9L  nearly  ^77  million  gallons  were  delivered 
from  the  muaLi  for  Llic  l\»ona  wutcT-supply,  the  popuijittoti 
iif  the  area  served  being  hy  the  last  census  SS.Ji^y  persons 
and  tliL'  a%*era^'  con^uniptioii  per  head  per  day  auiouiited 
to  S;i  gallon^i. 

The  water-supply  for  llie  city     drawn  off  at  the  10th  mile,, 
and  through  tlie  statjon  of  Poona — in  order  to  avoid  inter 
ferenee  witli  publie  buildinofs  and  the  parade  gromid — tliCj 
canal  is  earried  underground  in  two  tunnels.    At  tlie  end  ofj 
the  tir>t  tunnel,  near  the  centre  of  the  cantonment,  there  ib  an 
overfall,  the  force  of  whieh  haw  iK-en  utitiHod  to  tlrivt- a  large, 
undershot  water-wheel,  whieh  works  a  set  of  purnj^s  for  raiKin;^! 
the  canal  water  into  the  tilter-lRxIs,  settlino;-tanks,  and  covered' 
ivstervoirs  of  tiio  liigh  and  iniiidle-serviee  systems  of  the  water-! 
supply.    For  the  low-service  synteni,  mainn  and  branche*;  oro-j 
led  olf  tlirectJy  from  the  canal  itself. 
Ira  Canal.       The  *  N'ira  Canal  ^  and  Uhalghar  reservoir,  is  a  pn>jeet  CArri< 
out  to  a  gi^eat  extent  in  recent  years,    Tlie  ntain  Nira  d 
was  opened  in  tJie  yenr  1HH*5,    It  is  derived  from  the  left  IvinkJ 
of  the  river  Nira,  an  important  tributary  of  the  Bliinia  ill 
V'ervadi,  situated  about  40  niiieis  .south-east  of  Poona.  Ifiej 
completed  len<jth  of  the  canal  and  branches  is  designed  tu  l>e| 
fC  little  over  IDO  miles,  of  whieh  9oJ  miles  are  now  open,  witlii 
100  miles  in   length  of  distributing  channels.  T)ie 
follows  a  very  winding  course  along  the  fo*it  of  the  h\gh] 
ground  lying  nortli  of  tlie  Nira,  pa-ssing  near  Barumati,  lUuL 
extending  to  Jaudrnpur,  near  the  amHuence  of  the  Nira  ani 
llhiiiia.    Nmnercjus  branches  are  carrietl  down  from  tlie  call 
towards  the  former  river,  irrigjiting  about  1T,0(H>  lurres,  Thi 
total  art  ji  irrigable  by  the  complete  project  k  given  as  upwards 
of  W^HX)  acres. 

mtfrliar  Uc-     The  water-supply  of  the  river  is  supjiletnented  from  a  vei 
•voir,         large  reservoir  situated  a  few  miles  above  tlie  head  of  the  corn 
at  Bhatghar.    The  Hhatghar  reservoir  has  a  c/itchmeut  area  oi 
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t9B  Jfcqtuirf  inilefs,  with  an  anuua!  avonige  rainfall  of  145  inches, 
llic  water  in  retMiiicii  by  a  ina^oarv  thtiti,  1^7  ftrt  high  almw 
the  lowest  foundation,  and  108  feet  alx)ve  the  river-l^ed,  form- 
ing alxm*  it  II  hu;^L'  lako,  conlaiiiiuij  un  avftilabk'  storu^e-supply 
of  5i)ffl0  milluit].-*  of'tnihic  ft't't,  and  haxiii^;  n  water-surface  aroii 
of  ;J5H4.  acres,  or  inyri-  than  5J  square  miles.  Tlie  cstiinateti 
etiHt  of  the  oomjil^t*'  uxirk  is  £(iS7jim. 

Another  nvetitly  etiiiwtrueted  reservoir  of  great  size  is  the  Mhasvwl 
Mhanvad  Tank,  in  tJic  Subim  district  An  earthen  enihank- 
inrnl,  80  ftvt  high,  closes  the  valley  of  the  Man  river»  cutting 
off  a  catchment  Kisin  of  480  st^uare  miles,  havings  howeverj  but 
ffmnll  arnnml  rainf/tll.  The  reservoir  stores  an  available  water- 
p|>ly  of  millions  of  cubic  feet,  mid  has  a  waler  area  of 
401^1  lurrvs,  or  f>i  Hi|UHre  miles.  The  reservoir  feeil!i  27  miles  in 
length  of  main  irri*ralion  canaU,  and  6GJ  miles  of  branches  and 
dUtribii tariff,  which  ilrst  came  into  openition  in  the  year  1887. 
In  that  vi^ir  the  canals  irrigated  but  little  over  lOtX)  acres,  but 
Kv  the  year  18*)n  t)l  this  had  incrcjtsed  to  710(5  acres.  The 
tntnl  iUT»'a«fe  i^^i^;Kblt*  hy  the  existing  works  is  10G,0tK)  iu*rc*», 

'lliv  Hathmati  Canal  was  commenced  in  the  year  18(i9»  and  HAttimAti 
WHS  hroii«ht  into  partial  operation  in  1H7IJ.  It  is  derived 
fixiiii  !hi*  Hathtnati  river — a  tributary  of  the  SalarmtiatiH)  nlMmt 
40  milc*i  alK)ve  the  town  of  Ahniedabad.  The  head-works  of 
i\H'  omul  coM?*i?*t  <jf  a  weir  of  rubble  imwinry,  1000  feet  lon^^^ 
and  2ii  ftvt  in  mnximum  height.  From  the  j>(h>]  aUive  the  weir 
the  cmiiki,  which  is  521  milt^  hm^,  with  iK>  milfs  of  distributiiries, 
is  dmiAni.  The  vnunX  coiumiinds  iw  irri^^uble  area  of  8000 acres, 
of  which  it  ixctually  irrigates  ratlier  less  than  half. 

Tfic  filK>\e  works  eonjprise  all  the  more  important  of  the 
BiMiiVmy  irrifTHtion  projects  of  the  first  c\n^.  Space  will  not 
penuil  iuty  HCpamtv  mention  of  tlie  nmneroiis  minor  i^ystems 
of  the  secondary  cUrs,  which  numlKT  twenty-eight  in  alL  These 
CI  'it  works,  httwever^  are  very  far  frtun  representing  the 

tr  111  of  irrigation  carrietl  on  in  the  It*>iiilmy  lV*fi<iencv\ 

Hhr  Uiirty-Hi\  nanjor  antl  minor  wt^rks  taken  together  irrigate 
HHtt  7ff,000  nerc's  of  ruUivati'ni ;  but,  in  addition  to  (his 
Over  1  to,OiH>  a<^re>i  arc  irrigatetl  by  the  aggregate  mass 
of  «till  Mniftller  works,  1270  in  numlier»  scntteretl  all  over  tl»e 
Plwdcncy  tlistrids,  wliieli  are  looked  after  and  kept  in  n'jjair 
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hy  the  Irrigation  Depu.rtmetit.  For  the  most  jMirt  tlicwo  I- 
works  consist  of  small  tnnks,  and  of  weirs  called  hhanflaraa^ 
on  Uie  smaller  streams,  the  largor  nuinUtr  hciiit^  i»f  oncieiit  or 
inodcTU  nativt'  construction.  In  tlie  Dliarwar  district  alone 
there  are  said  to  be  473  tanks,  irrigating  ()5,0(X)  acres. 

Acconhng  to  the  ufTicial  returns,  there  are  in  the  Homliav 
Presidency  Got)  miles  of  main  canab  and  branch  canals  HUpplicd 
with  564  nulcii  of  distributinj^  channels.  Duriiij^  the  year 
1890-91,  221,464  acres  of  land,  or  almut  34}  MCjuare  miles, 
were  irrigatetlj  yielding  a  total  value  of  irrigated  crops  of 
nearly  i?400,00(l.  The  total  capital  outlay  by  the  GovernnK-nt 
on  all  elafif.cs  of  irrigation  works  in  Bondmv  was  -£-'!iJ,465»024, 
earning  a  net  revenue  of  J?56,0!i3,  or  2'2  per  cent,  on  Ihe 
capitjil  cost.  Including  intere.st,  however,  the  thirty-six  works 
of  the  major  and  minor  class  rt\snlteti  in  a  deficit  of  <£'70,743w 
The  mass  of  smaller  agricultural  works  takeji  together  yielded 
a  profit  of  i^*3fi»913,  giving  a  net  deficit  of  l^m^Hm? 

We  have  now  sketched  in  general  t>utline  the  main  feature* 
of  the  irrigation  works  of  British  India,  both  as  regartls  the 
type  and  character  of  early  native  constructions,  and  the 
exteniiive  iniprovement.s  and  additions  IntrfKluced  bv  mo<UTn 
engineers  since  the  country  has  been  brought  under  British 
rule.  The  picture  we  have  been  able  to  draw  is,  of  necessity, 
projected  on  so  small  a  canvas  a*  to  be  altogether  inadequate 
to  convey  to  the  eye  niore  than  a  mere  outline  of  individujd 
works — nor  has  it  been  attempted  to  dci  more  than  this.  The 
object  aimed  at  has  Ik^u  to  implant  in  the  mind  of  the  reader 
a  fairly  correct  impression  of  a  great  whoh*  by  means  of  a  rapid 
exhibition  of  the  general  dimensions,  nutnljer,  and  value  of  ifc* 
main  component  parts.  To  do  this,  it  has  been  unfortmiately, 
but  unavoidably,  necessar}'  to  quote  largely  figures  expressing 
volmnes,  areas,  and  linear  dimensions,  as  well  as  money  ex- 
penditures and  revenue  returns,  whieh^  it  is  feared,  may  have 
unduly  taxed  the  patience  of  the  reader.  Nevertheless,  in  con- 
clusion^ it  will  perhaps  serve  to  impress  iimiv  firndy  on  the 
mind  what  we  especially  desire  to  imprint,  if  the  main  Hgnres 
and  results  of  irrigation  works  throughout  British  Indiii  are 


'  Foi  details  of  indinduoJ  worki  in  the  Bombay  Presidency,  t>idt  Appcmlix  F. 
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Bunllv  mimmecl  uji  in  one  genera!  statement,  the  reader  being 
careful  to  benr  in  mind  that  these  totals  are  approximate 
onlv ;  «Miie  i»f  the  figures  entering  irito  them  lacing  for  the 
jcar  l««9-90,  and  others  for  the  year  1890-91.  Although  not, 
therefore,  cuiii^Hiruhle  wiUi  the  statistical  ilata  of  anj  single 
yenr,  they  will  iifverthele^H  hcn*c  the  only  puqiose  we  have 
ia  view,  viz,,  anivcy  to  tlii*  reader  a  general  and  approxi- 
mate  idm  of  the  large  total  value  and  extent  of  irrigntion  and 
uavigahle  eanal  ojjendions  in  India,  exclusive,  it  need  not  lie 
luiiil,  of  that  large  amount  of  secondary  irrigation  carried  on  by 
uua»&ihted  uative  agency. 

In  tlu*  whole  of  India  ahont  16^,000  miles  of  main  and  hnmch 
canalft  have  l>eeii  couhtrncted  by  the  British  Goveninicnt,  of 
which  2882  niilc»  are  navigable.  These  canals  distribute  their 
waters  by  uicaiiN  of  over  iJii,500  miles  of  minor  chmuiels  and 
ifrignte  from  IJi  to  13  milliouH  of  acrts,  or  alx)ut  !20,000  stjuare 
miles  of  country.  The  ainiuid  value  of  irrigated  crojw,  exclud- 
ing Seirtdis  for  which  the  figures  have  not  been  ohtninei],  is 
proliably  not  tar  hli<»rt  of  30  million  iKJunds.  The  cnpitji]  sum 
■spcnded  by  the  Goveninicnt  on  all  chisiHcs  of  irrigatioti  and 
navigation  camds  throughout  Intlin  18  a  little  aliovc  the  same 
Amount,  and  the  net  rt-vcnue  umiuallv  canietl  is  nearly  If  milliom 
»trrling,  i>r  almut  5J  per  cent,  on  the  cjipital  cost.  The  sum 
rctili!H*«!,  after  defraying  interest  charges,  is  over  l725,0tK) 
Annually.* 

In  a  nvent  review  of  irrigation  workfi  up  to  the  end  of  the 
vfw  lH5>0-in  by  thf  Govminieht  nf  ImlijL,  <]ertUiig  with  those 
ivork>i  for  which  IhjUi  capital  and  revenue  jiecounts  fire  kept,  the 
dirtvUv  reuimierative  character  of  the  tola!  outlnv  incurred  on 
irrigstion  thruughinit  the  cuunlrv  is  clearly  e.vhibitith  At*  this 
nrview  u  based  on  figures  far  more  complete  th^m  (hose  we 
ba%e  liren  able  to  utilise,  and  is  moreover  brought  u]i  to  a 
iuiif<>nn«  jmd  in  some  instjinccK  to  a  later,  date»  the  foUowing 
t.^  u.  ml  n-nidl-'v  will  be  of  intert-^t.  It  is  sho\^ii  that,  for  irriga- 
tion work*  only,  the  capital  tvpenditnre  on  major  'pnxluelive^ 
itorU  lo  the  end  of  IWKHIl  amounted  to  l*i5,K>r>.01 1 ,  >icld^ 


'  For  ■ppto&imatc  lotAl  rnulu  of  irhgAtion  sod  navt^liun  caaaIa  in  all  India. 
nUBr  Aiipradu  G. 
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in^  a  net  return  of  4*81  per  cent.,  without  taking  into  account 
the  old  irrigation  in  Madras.  Including  lliis,  tlie  net  return 
Ls  given  a>;  5'80  per  cent,,  whiUt  including  'protective"  works, 
and  that  portion  of  the  niinor  works  for  which  capital  and 
revenue  accounts  are  keptj  the  total  pcrccnta^  of  net  revenue 
on  capital  outlay  is  shown  to  1h?  o'69  per  cent,  Thu  protective 
works  taken  nlone  yielded  0*79  per  cent. 

The  direct  capital  outlay  on  navigable  canals,  including  both 
major  and  minor  work*?,  is  ,887,033,  the  net  revenue  bein^f 
0^82  per  cent,  on  tlieir  coRt. 

Altoi^'ether,  on  1^0  works  of  irrigation  and  nuvi^tinn, 
costing  m\,620,^lil  the  net  revenue  derived  in  18^-91  was 
j1^1,710,130,  or  5'40  jier  cent.,  and  the  area  of  latid  irrig^lLed, 
excluding  the  \vssor  classes  of  tninor  works^  wiLs  9,!si75,l(>2  acres, 
or  nearly  14,500  square  niilcs,^ 

'riiese  results  include  figures  relating  to  projects  sucli  a±(  tlie 
Chennb  Canal,  the  Sanfl^xm,  and  the  Periar  work^s,  wfiich,  being 
incomplete,  yielded  notliinf^  on  their  capital  outlny.  The  very 
unrcnmncrative  Orissta  and  Kumo<.>l-Cuddapa}i  canals  are  of 
course  inehided.  It  is  stated  that  ^  on  Ihe  wliole,  the  returns 
from  the  systems  which  fuHil  the  conditions  of  lx*ing  jni>ductive, 
are  more  than  sulfieieut  to  cover  the  dcticits  on  &yslem«  wliich, 
although  classed  as  productive,  do  not  attain  to  the  tieccssary 
standard/  The  estimated  value  of  the  produce  for  one  year  on 
all  the  irrigation  canals  of  India  h  shown  to  tx*  nearly  ecpial  to 
the  whole  of  the  direct  capital  outlay  incurred  on  the  wcirks. 

A  li.st  is  given  of  important  irrigation  projecin  tliat  have 
been  submitted  to  the  Government  of  India,  but  upon  which 
work  has  not  yet  begun.  These  are,  the  ^.Tbelum  Canah'  the 
*  Kalingaroyen  channel/  the  'Chcnab  extension  project' — all 
of  wliicli  have  lieen  sanctioned — and  the  Cawnpore  liranch  of 
the  I^Mvor  (ianges  ciUial,  a  pri>ject  which  h  utuler  [)rrj)aratiou. 
The  additional  area  that  will  be  irrigable  by  the  above  works 
amounts  to  l,ii91,(>00  acres,  i>r  ^017  square  miles,  and  the 
estiuiated  returns  are  calculated  at  over  lii^  per  cent.  The 
Chenab  (Janal  extension  is  to  take  precedence  over  ttie  Jlielutu 
Canal.    A  considerable  and  prtititable  outlay  is  conteni|)laied 
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on  work*  in  Up|ier  Bunna*  wIk-iv  scientific  irrifjation  has  as 
vet  hardly  comnjenceil,  and  proposals  are  awaiteti  from  t!ie 
iktnihay  (frtveniiiK'nt  for  the  irnprovetiiefit  and  extension  of 
irrigntion  works  in  i^cindc,  upon  vOiidi  tjUi-stion  u  comniittee 
rablwl  earlv  in  1892. 

conclusion,  if  wt?  plaml  vnd  tt>  end  all  tlio  uuiiit  and 
:_  canaU  of  India,  thi-^y  «'onld  reach  nearly  two-Uiirdss  nf 
the  dutance  round  the  world,  and  tlic  naviffftble  portion  would 
be  represented  by  two  canals — one  stretchings  fmni  Ca|>e 
Comorin  to  Pfshawar,  an<l  the  other  from  Calcutta  to 
Bomlmy,  a  combined  distance  equal  to  nearly  the  whole 
brt.'adth  of  Europe.  The  minor  distrihutin]^  channels,  placed 
toj^i'tlier,  would  extend  almost  completely  round  the  earths 
cireunifcrenw*. 

Sofr.—  Uiiiler  the  Gijvernmeat  system  of  nmHiiitsi^  irri^atimi  ami  navi- 
||Btinn  work*  in  India  arc  ilivtdt'd  iiitu  Iwn  miiiii  clH*i«eH,  respectivi'Iy  ciilird 
'n^|or  *  Aiiil  *  niiiiur '  work&    Tlie  nijijur  rhtsi^  ctmitirUes  nil  thi>se  unrk^ 
otsmatiMl  to  IwilirecUy  VprcHluctive '  vritltin  ten  yt'urs  frcMti  i-(Mti)»letimi, 
certAiu  Hfit^riul  wurku  called  *  prottrctivt*/  ]irimiirity  uiidertukeu  to 

frutect  certain  dLstricti*  from  fiiniiiie,  wliftliiT  likely  hv  dirfctly  j)n»- 
|*H1«  «»r  DoL 

The  sM'oud  ur  'miuor'  cla^  It*^  for  urcuuiit^  |mrj]o&ea,  divided  luto 

(1.)  H'ork<i  for  «i  hK'}i  iHith  c-nptUil  and  revenue  acoMiiits  are  ke^t, 
(2.)  Work*  fur  whirl)  only  revenue  jicctHintH  nrv  kept, 
(3.)  Wurkh  fiir  wliir.h  iKOtlicr  (*a]iiUil  ttor  ri'voiiuf^  ii«viMiiit^  nre  kept. 
(4.)  .A^culluml  works  (»;u1i-iUvidttl  in  the  miititier),  being 

chicHy  river  emhftnknreiitH,  etc. 
Tlir  qujuititntive  ntitt  Hiuncinl  re««ults  of  irrii^ution  works,  ah  pxtiilated 
in  ircnernl  (Siivcranient  retitni->4,  relate  titily  tu  tlio«e  wiirk^  fur  whiL'}i  butit 
cafittal  and  revenue  Hfciiunti^  are  ke|it.  The  exuct  U>tn\  lijiriiri'M  far  the 
lamt  tiin*tf  >«ul}-rlaKries  of  '  nimor '  workf<  uot  boiiiu  uvaiUble.  thest'  itre 
11  I'vchided  from  ^eTieral  stutenvenbi  of  irri^Htioii  operfitioi-is, 

t'ly.  however.  the>i**  li^er  fiulMlivisions  *if  the  minor  w«rk* 
»rr  of  iinjiorljinru  and  iiiler^st  Sit  fur  therefore  a?*  it  hii9  !»eetned 
'h\v  lu  amriTnitn  ntid  entrHft  thent  fmiii  the  various  (»rovi[iml  relurtJH. 
«v  hmvr  inrludetl  thm  in  the  ti'tatn  of  the  tjibiiUr  vtatemeiitA  A  ^, 
which  wUl  l»e  fondd  hm  hii  Api^endix:  at  the  end  of  thiet  volume,  n»  uell  jis 
!■  oargctormJ  nummary  of  irriurntiuii  wurkn  thronirhout  IndiH. 
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CHAPTER  I 


ORIGIN  OP  KAILWAYa 


•J'fin  of  railways — Wonderful  inBuence  in  icgcDerating  India — Cule-harricrs 
tugely  afrccterf— Reduction  of  distances— Hirth  of  the  locomorivc  engine- 
Rode  grim%  uf  a  line  of  railway  in  old  Italian  itone  iracks-^Timbet  wheel- 
nwls  la  colliery  liistricls^Tramioads— Use  of  cMt-iion  for  rails—*  Edge ' 
— Early  inventors  and  improvers — Steam-power — Sutionary  engines 
Uid  dorses— 'Mrisrs.  Trevilhiek  and  Vivian-^Mr.  Thomas  Gray— The  mAn 
with  one  iilca — His  IkioIc  on  slcam  land-cwnvcyance — Wurkmg  out  pracUcftl 
'Ictiili— Mr.  Itlcnklnsop— Gcofge  Siephensoc— Sketch  of  his  life  and  work 
— Sifjcklon  and  Dnrlingtoti  Railway — ^The  Quaker  family  of  Pease— Opcninj; 
of  the  StiKrktftn  and  Dorljngiorj  line — The  *  Experiment ' — The  Liverpool 
and  Matiche-Tcj  Railway— Motive  power—rremiuiM  offered  for  best  loco- 
BWlive— Public  trial — Success  of  the  *  liocket ' — Causes  of  superiority — 
Coodition  cf  early  railroads  in  England — Extract  from  n  speech  by  George 
Stephcnmn. 


HERE  is  jK'i-lmps  nothing  more  stir-  Origin 
[insin^r  to  be  met  with  in  the*  history  Railw^ 
of  liuuitiij  ]»rt>grt*sji  Hmii  the  st-artling 
ntjiiility  with  whifh  the  lives  aiid 
habiU  of  inmikitul  have  Iwen  Ikw- 
(ii-ially  revuluttoiiisetf  bv  tlie  intriKiuc- 
lion  of  .steam  l(H*oim>tion.  Compatx'd 
with  the  efl'iTts  i»f  nny  other  tiocifti 
infliiorRv  that  can  he   naiui'd,  this 
ra|ndity  is  onlv  (itly  to  l>c  riuvisurrJ 
by  the  liiillTenef  belwoen  tlie  Hpwd 
of  an  express  Iraitij  iiiui  thut  of  ull 
iti^tniiiivntb  of  hiiiniin  |jnt|:rt'.HsioiL 
i:  y\-  reflect  liow  vt-ry  sl<»w  in  ojicnition,  ami  how  very  gradual 
m  results  grv»t  «ociaI  movements  usually  are,  it  i>eruiites  truly 
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startling  to  consider  that  the  whole  of  those  wonderful  ramifi- 
cations and  systems  of  railways  and  ocean  steam-lines  of  transit, 
which  in  modem  times  have  so  profoundly  modified  the  funda- 
mental conditions  of  human  intercourse,  and  which  to-day  bind 
together  every  part  of  the  civilised  world,  and  bring  into  such 
close  and  intimate  relations  the  inhabitants  of  every  civilised 
country,  is  the  growth  of  a  period  of  time  well  within  the  limits 
of  an  ordinary  human  life.  That  all  those  facilities  of  move- 
ment and  intercommunication  to  which  we  have  grown  so 
accustomed,  and  which  now  appear  to  us  so  indispensably 
necessary  to  the  prosecution  of  the  most  ordinary  business 
and  pleasures  of  existence,  have  been  virtiudly  acquired 
under  the  rule  of  the  present  reigning  sovereign  of  Great 
Britain. 

In  the  Western  world  the  diffusion  of  happiness  and  prosperity, 
and  the  entirely  altered  conditions  of  human  progress  which 
attended  the  invention  and  introduction  of  the  locomotive 
engine  was  surprising  enough,  but  for  some  period  before  its 
introduction,  especially  into  England,  the  extensive  use  of 
navigable  canals,  and  the  rise  and  ultimate  prevalence  of  excel- 
lent lines  of  good  macadamised  roads,  with  the  employment  of 
an  organised  system  of  fast  and  well-appointed  coaches  between 
important  centres  for  passenger  and  for  the  lighter  forms  of 
commercial  traffic,  materially  smoothed  the  transition,  and 
gradually  paved  the  way  to  that  more  rapid  means  of  loco- 
motion, and  that  manifold  multiplication  of  productive  energy 
subsequently  inaugurated,  and  rapidly  developed  by  the  railway 
system. 

It  is  in  the  relatively  roadless  East,  and  p£U±icularly  in  the 
great  continent  of  India,  that  we  are  enabled  to  witness  in  its 
full  proportions  the  extraordinary  awakening,  and  the  wonder- 
fully rapid  subversion  of  pre\nous  habits  of  life  and  thought, 
which  has  been  so  notably  effected  within  the  space  of  a  few 
years,  by  the  operation  and  under  the  regenerating  influence  of 
railway  communication. 

The  generality  of  Europeans,  on  grounds  of  a  sufficiently 
extended  experience,  have  long  been  accustomed  to  regard  the 
Asiatic  as  a  being  passively,  but  hopelessly,  resistant  to  all  forms 
of  innovation ;  as  apathetic,  torpid,  unenterprising,  and  incur- 
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Iv  wo<iiIed  tx)  the  practice  aiid  routine  of  bygone  ci'Ulurics; 
but  in  our  own  day  it  has  been  reserved  as  one  of  the  most 
remarkablt*  triumphs  of  the  steam  U>CQmotive  to  Imve  aroii&ed 
Ami  awakened  tlie  Eastern  world,  to  have  undermined,  and  in 
fg^tCRi  nieaaure  overturned,  the  larger  nuinher  of  those  deep* 
rootifl  ancient  prejudices  which  in  India  have  so  long  and  so 
tcnncimisly  rcsistai  all  previous  a.^sauit-*. 

'llie  strong  barriers  of  one  of  the  most  rigid  and  exclusive 
ciustr  systenis  in  the  world  have  been  penetrated  on  ex'erv  side 
hy  tiie  power  of  steam.  In  India  for  many  years  |>asti  caste 
prejudices  have  been  practically  extinguished  within  the  fences 
of  a  line  of  railway,  and  the  most  sticred  Brahmin  will  now 
coiUfntetlly  ignore  them  rather  than  forego  the  luxury  and 
economy  of  a  journey  by  railj  whiUt  everywhere  the  usually 
impertirrlwdjle  and  lethargic  Ea4eni  has  been  aroused  out  of 
fjtxp,*  has  learnctl  to  move  with  alacrity,  and  even  to  acquire 
the  virtue  of  punctuality^  under  the  uncompromising  and 
imperious  ttiition  of  the  locomotive  whistle. 

Railways  in  India  have  reduced  the  eifective  fiixe  of  tliat  con- 
tinent to  less  tiian  one-twentieth  of  its  former  dimensions,  so 
tl-  '  '  i>  situatetl  400  miles  from  the  home  of  an  intending 
Ir  iir  producer  of  gi>ods  for  tlic  inurket,  are  now  a-s  prac- 

ticallr  near  to  him  a^  others  only  ^0  miles  distant  formerly 
wi  '  '  tn^rnPV's  which  wouhl  havcfwcupicd  the  time,  imposed 
ti  „  i,\  nnd  consumed  the  daily  chargcii  of  the  Ijest  part  of 

A  month,  can  now,  with  ease.*  comfort,  and  economy,  be  per- 
formctl  within  the  co]n|>ji.^s  of  a  day. 

To  attempt  an  a<[e(piate  delineation  of  the  enormous  social, 
cocunierciaU  and  other  advantage?*  nhich  India  has  derived 
from  niilwny  ctminni ideation  would  carry  us  Iwyond  the 
limited  njjace  at  our  disposal,  and  wi>uld,  moretner,  in  these 
dny^t  he  an  Mi|ierHi]oiis  as  a  thriee-totd  tale.  *  [t  may  be 
Mid,  without  undue  enthusianin  or  e\agg<Tation,  that  this 
frrent  invention  Ii/ls  iu]|iartiHl  a  stimulus  and  a  vital  energy 
into  all  the  affHir>  of  mmu  whcthtT  ttuinccted  with  bitsiness 
or  pLeikAurt-;  lia.^  multiplied  in  a  manifold  degree  our  cajm- 
cHie*  And  opportunities  of  enjoyment;  ha^  vastly  increaseti 
tbr  TYitume  of  trade  and  manufactures  in  tJie  country;  and 
ha*  in  a  tliousaiid  way*  contril>uted  more  to  tlie  happitUN'^ 
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and  welfare  of  our  race  than  any  other  tliscoverj  or  iinc^ntinri 
that  could  be  named.' ^ 

The  story  of  that  portentous  birth,  which  usherttJ  iiit*/  the 
world  the  infiuit  Ht-rcules  of  the  nineteenth  century— the  early 
and  vigorous  efforts  of  its  sturdy  iron  menibers,  irresistiMy 
iiTipelled  by  the  imprifioned  and  foreeful  spirit  of  itt*  ini*;;ht:v 
solar  ancestor.  In  other  wortLs,  the  story  of  the  conception  and 
birtli  of  the  locomotive  steam-engine,  and  the  couseipient  rise 
and  development  of  the  railway  system,  is  one  of  jierenrial  and 
of  the  deepest  interest  to  mankind,  The  story  has  heeii 
written  and  re-written  with  the  most  loving  care,  and  in  the 
most  eloqueiit  detail  by  numerous  able  pens.  Nevertheless,  to 
the  v<)iinger  rising  generation,  especially  in  India,  the  interest- 
ing narrative  may  be  less  familiar  than  to  the  children  of  those 
in  wliose  immediate  presence  the  stirring  events  of  railw' 
history  were  enacted.  It  will  possibly,  thereftire,  not  be  alto- 
gether unproJitable  if,  before  recounting  the  introduction  and 
growth  of  the  railway  system  of  India,  we  east  a  brief  rctroA|H^*- 
tivc  glance  at  tlie  early  history  of  the  locomotive  and  of  tlu- 
railway  in  the  land  of  its  inception  mid  hiilh. 

The  first  rude  germs  of  a  line  of  railway  are  pi"ohablv  to  br 
foimc)  in  the  smooth  parallel  stone  tracks,  which  were  hiid  domi 
for  draft  purposes  in  the  sti^eets  of  many  of  the  ohier  Italian 
cities.  In  England  the  practice  of  laving  dowTi  tind»tT  wliwl- 
roads  in  the  colliery  districts  of  the  North,  mul  ekewlifre  in  thi' 
neighbourhood  of  mines,  for  tbe  easy  passage  of  heavily-l'idt^*' 
vehicles  drawn  by  horses,  aj:>pears  to  have  arisen  as  <'arlv  as  ihf 
beginning  of  the  seventeenth  cetitury.  These  timber  wbivl* 
tracks  obtained  the  name  of  '  trams,"*  or  *  tram-roads  ' — siipjmscl 
to  liave  iH'en  a  popular  abbreviation  of  the  name  of  a  Mr. 
Outram,  who  either  originated,  or  at  an  early  date  was  exten- 
sively connected  with  their  employment.  They  appear,  how^ 
ever,  to  have  Iwit  ako  called  *  way-leaves,*  Roger  Nttrtli. 
wi-iting  in  the  year  WIG  with  reft^rence  to  a  visit  paid  hv  hi* 
brother,  Lord  Guildford,  to  the  neighbourhood  of  Newcastle 
mentions  this  name,  and  aiys :  '  When  men  have  pieces  of 

1  I'np«r  read  al  ihe  Society  of  ArU»  February  I4ih.  1S90,  by  Geo.  rHwHifr 
Assoc.  Inst.  Ci\'il  Engineers,  on  Modern  fmprjvemetfit  of  Fadhtiu  im  Kair^ 
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ui  l^^'lwefIl  tlip  t-olHoryand  the  river  thty  sell  Ivavv  to  lead 
over  tJic  ground^  and  m)  dear,  that  tlie  owner  of  a  rood  of 
id  w  ill  expect  1^0  [ler  annuiii  for  this  Iwve*    The  manner 
c  e«rrirt^  is  bv  hiving  rails  of  thid>er  from  the  eolliery 
U>  the  river^  exiittly  straight  and  [jarallel^  and  bulky 
nre  inftile  wit.li  fo\ir  roM'lets  fitting  these  mils,  wherehy 
rfirria|je  is  ?50  easy  tfiat  one  hor^ie  ean  draw  four  or  live 
Ills  of  eotiU,  and  is  of  immense  benefit  to  the  coal 
hauts.* 

was  not,  liowever,  until  about  one  hundred  ye^irs  later 
these  wooden  tramroiuls  were  siipersetled  by  the  eniploy- 
of  east-iron  plates,  laid  on  the  surface,  and  tinnly  bolted 
e  tiinl>er-way.s.  At  Colebi>x)k  Dale,  about  the  year  1760, 
ppened  that  the  price  of  iron  was  exeeptionaliy  Jow,  and 
demand  f<>r  it  was  ?to  small  that,  rather  than  chise  the  fur^ 
Moea^  the  owners  decided  to  cover  tlic  upper  siirfiice  of  their 
^pdeii  trjunroads  with  plates  of  ea^t-tronf  in  order  to  decreiisc 
mction,  and  ren<ler  the  ways  more  durable.  It  nas  thought 
that,  in  case  the  price  of  iron  s^uddenly  rose,  tliesv*  plates 
could  be  lifted  and  sold  &a  'pig^  iron.  The  advanbi^e<i» 
However,  of  tlie  cast-iron  surface  were  f^oot^  found  to  l>e  so  grejit, 
tnf^toul  of  the  platen  being  removed,  their  use  wa* 
iually  extended  over  the  whole  di$ttrict ;  and  Ix^fore  long 
iwavM  exelusivflv  of  iron,  supported  mi  blm-ks  of  wood  or 
came  into  extensive  use,  e>jKvially  in  Soutli  Widcs,  where 
le  year  1811,  180  miles  of  nuch  tramways  are  said  to  have 
rompK'ted. 

he  linil  w>lid  iron  rfiils  that  appear  to  have  been  used  were 
in  section  like  an  ordinary  angle  iron,  in  short  lengths  of 
S  to  5  feet,  uth!  they  were  fretpieutly  spiked  dowii  to 
fiUp[M>rtA  of  wimhI,  nanit^iJ  *  slee|x*rs»'  let  into  the  ground, 
vertical  flaiigi?  of  the  angle-iron  rail  wa&  always  placed 
the  wheeU  of  the  vehicle*,  which  rolled  alonj^  the  flat,  or 
ontal  portion.    Various  other  6L'L'tionH  of "  metals/  as  thev 
CHim*  tu  bt*  called,  were  tried  in  the  differetit  mining  dis- 
eif  Isnglnnd  ami  Wale^^.    One  of  the  mo^t  fiiiecessful  was 
lAic*edgf'  railway,  introduced  into  tlie  slate  quarries  of  Caer- 
vartiicmltire.    In  this  traniroad — or  railway^  as  it  truly  was — - 
mil  Wttft  supported  above  the  level  of  the  wooden  croa»- 
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andlMda  AstorfliigjMlf  roandai  top  or  *^  edgi-J 

wm  tnuademd  from  the  rmO  to  the  vheekl 
or  *  neWk*  which  m  the  first  bwtuce  wet? 
vitb  Ssnges  oo  eadi  ttde«  fiMiuuig  a  giomird  wherl-rhn, 
fitted  over  the  ndl-lwMl    Tbii  doohle-lkiiged  wheel 
fbifiMi  to  be  unnfrt'MBiy,  «ad  a  «bi^  projcctzng  flange  insiik  ^ 
the  raO  wm  pictutiy  adopted.   The  etids  of  the  *alge*nih 
wcrr  jecnred  into  an  iron  box  or  'ehair*  of  cast-iroo,  securvir 
ed  down  to  the  sleepers.    So  remarkabty  easv  was  tiif 
^  00  tht*  nul-  or  tram-waj,  that  h  was  found  that  ti 
hom?  twild  rapidly  draw  a  traiu  of  wagons  weighing  up 
24  torn,  aod  the  effective  fiemce  of  the  two  boms 
odculated  to  be  equtralcnt  to  that  of  400  worlcincr 
ooramon  raad-sarfaoe. 

Tl»e  rariou*  fomw  of  bone-tiamroad  in  us**  u  civ  lor  a 
time  eutirrly  confined  to  the  winity  of  mines  and  to 
purposes  of  mineral  traffic,  but  in  the  very  early  years  of 
pnsent  centurj-  the  improvements  effected  in  their  coi 
and  the  wonderful  9uoce»  and  economy  of  these  roads,  begaa 
attract  a  wider  attention.    Many  ingenkius  minds  be^ii 
themselves,  and  numerous  enthusiastic  projectors  liegrni  to 
forward  proposals  for  their  more  extended  application  in 
service  of  the  geiieml  publit'-  A  Dr.  Anderson,  in  the  year  1800, 
jiroposed  that  iron  raib  should  be  laid  down  along  the  sidts 
Uie  principal  turnpike  roads,  and  l>e  at  the  service  of  all  wi 
might  choose  to  employ  them  under  suitable  rcguLitions.  Sul 
set|uently  be  advocated  the  construction  of  independent  If 
of  wav,  having  easy  gradients  and  curvess  bri*!^^^^  and  ev( 
tunnels!    The  idea  was  so  far  realised  that  in  1801  the  *Sui 
Iron  Railway  Company '  obtained  an  Act  for  the  constntction 
11  horsc-trainway  for  general  merchandise,  from  Wan<lsworth 
Crovdon,  and  experiments  were  nmtle  which  showed  that 
Hingle  ho'r^e  could  draw  on  the  level,  at  the  rate  of  6  niilos  i 
himr  twelve  wajrons  each  laden  with  three  tons  of  ston< 
thirty-flix  tons— a  load  subsequently  increased  to  more 
i](\.y-i\v^'  tons. 

AL  this*  time  the  use  of  steam  was  already  known  as  a  moti 
powtT,  and  it  hail  lieen  successfully  applied  for  the  working 
Htjitionary  punipiiig  engines  in  numerous  mine«  through* 
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BngUml  And  «;K*wheiv,  In  the  tiiining  districts  the  tmtnroads 
employed  in  the  mineral  traffic  genemlly  descended  frain  the 

(|Khb«Jurli<io<j  of  the  pits^  inoutli  to  the  wharves^  usuidly  situ- 
p  oil  M»mf  river  in  tlie  vulley  below,  so  that  tlie  inclinations 
ftlic  rwmis  were  in  ftivour  of  the  loaded  vehicles.  AVhen 
p  differenco  of  level  was  verj'  great,  as  it  often  was,  it  was 
cottmnui  t<J  nmnage  the  descent,  not  hv  making  tlie  rortd  one 
uniform  inclined  plane,  but  by  inteqjosing  one  or  more  steep 
»loj»t«* ;  tlu'  remainder  of  the  why  being  kept  tolenibly  level, 
llu"  laden  wagons  were  nlloived  to  run  down  the  steep  inclines 
their  <wn  weight,  and  verj'  often  by  the  aid  of  »  rope  luid 
|>ullt'v  ;  the  (h**)ecntltng  lieavv  wngons  were  made  to  pull  up  the 
fttuni  or  eniptv  ones. 

ll  MK)n  Iwc'ume  general*  however*  during  tlie  first  decades  of 
the  century,  to  ernplny  stationary  ntcHin-engines  for  hauling  the 
waptv  wiip>n>  up  the  steep  inclines^  while  horse  labour  con- 
■hK^  to  l>c  everywhere  used  on  the  other  or  tn^ire  level  [>art» 
^Rhe  Imurroad.    In  this  way  ^team-engines  and  lior^es  came 
pHit  <nxMK'iiited  ulitio^t  side  by  side,  and  .sliiiml  the  work  Im?- 
"•wi  tliein,  and  men's  mtnd»  gnulually  l>egan  to  entertain 
idea  of  ututing  the  two,  so  as  to  prodiiee  a  movable 
(Bie  or  *  rtteam-horse,'     Various  cx|>erinicntH  with  thi.s  ohjeet 
liew  wcr<*  tried  in  different  parts  of  tiie  country*    Kven  so 
Ofi  the  venr  180i  a  rude  locomotive  machine,  worked  by 
and  moving  on  rails,  was  tried  at  an  ironworks  in  Wales. 
'IVevithick  &  Vivian,  engineens^  produced  several  steam- 
liotivtN  with  some  measure  of  success,  and  before  verv 
luttg  in  a  goud  many  of  the  colliery  distrtetji  j*m?ill  locomotives 
BfahtlM*  Neen  whielu  '  with  much  clanging  and  rattling,  puttings 
smoking,  fn»m  lK>th  ^learn  vent  and  chimney,  drew  along 
^Bhe  Muflieient  jjace  of  U  or  !i  mik%  an  hour,  a  du/:cn  or  moiv 
^BD  iron  wagotis  laden  with  coal ;  a  man  would  walk  by  tlu- 
H^to  i»pi'n  gates,  remove  impediments,  and  asy'iA  at  a  difljculty. 
Tbc  coUicD*  theniwelves  would  sometime:^  jump  into  the  ein|i|y 
Bferos,     a  tired  carter  will  get  into  his  empty  dung  rart»  or 
K  the  ' 

^Kc:h  wuh  the  general  bt^te  of  matters  about  the  year  1819^ 


/rm  By  K.  S.  Williams. 
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vHen  waie  one  nnnarked  ti>  xhtt  cehAated  i  mil  iiai  iiig.  Duke 
of*  firid^ewater.  '  Vou  mustt  be  makmg  handsomelT  out  of  jour 
euufclstr'  'Oh.  jestS  he  replied.  *thin^  wiU  pcofaafalr  fabst  mj 
time,  but  I  don't  like  the  lamk  of  tfae^e  tnimiMd^  there's  mis- 
chief in  them.'  What  the  ^hreird  IXike  Cbresav,  no  doubt 
many  other  peFioos^  ouj  have  vaguelv  aatiapftted,  bat  it  k  the 
perHMtent  man  of  '  one  ide& '  who  ^aienlh'  AKoeeds  in  fixing 
and  forcing  the  attention  of  the  public  mind.  Sudi  a  man  was 
3f  r  Thoman  Grar — the  reallj  first  public  ptopaser,  in  the  year 
18My  of  a  general  ^y^tem  oi  traibizt  br  nilwajs.  Mr.  Gray, 
according  to  the  well-knowii  storr,  which  marks  the  lirst 
awakening  of  hu  *  idear'  waft  tzaveOii^  about  the  year  1819  in 
the  North  of  'F^ngl^nA  on  commercial  bonneas,  and  one  day 
^ttood  looking  at  a  j^mall  train  of  coal  wagoos  impelled  by  a  snort- 
ing and  puffing  atearo-engine  along  a  tramroad  which  connected 
one  of  the  collieries  of  that  district  with  the  wharf  at  which  the 
coaU  were  delivered.  *  Why  r'  he  asked  of  the  engineer,  'are 
not  these  tramroads  laid  down  aU  over  England,  so  as  to  super- 
sede our  common  roads,  and  steam-engines  employed  to  conv^ 
goods  and  passengers  along  them  so  as  to  supersede  horse- 
power?^ The  engineer  looked  at  the  questioner  with  an 
amated  ^niile  :  ^  Jast  you  propose  that  to  the  nation,  sir,  and 
.see  what  you  "11  get  by  it.  \Mjy,  sir,  you 'd  be  worried  to  death 
for  your  paias.**  Thomas  Gray  made  no  reply,  but  went  thought- 
fully away — the  Ulea  had  firmly  lodged  itself  into  his  brain, 
and  worry  or  no  wony,  he  could  not  get  rid  of  it — railroads, 
steam-engines,  horse-power  and  common  roads  superseded — 
the  wijrds  kept  repeating  themselves  over  and  over  again ;  he 
could  think  of  notliing  else ;  he  could  talk  of  nothing  else.  He 
soon  Ix'camc  a  bore  and  a  nuisance  to  his  friends  and  acquaint- 
ance, and  was  doubtless  regarded  by  them  as  more  or  less 
deranged.  '  llailroads,  steam-engines,  horses  and  common  roads 
superseded  "* — nobody  would  listen  to  him,  and  the  engineers 
words  seemed  likely  to  prove  true.  But  the  '  idea'  of  Thomas 
(rriiy  was  a  genuine  and  workable  idea,  and  would  not  allow 
itself  to  l>e  suppressed.  The  pregnant  words  were  dinned  with 
reru'wed  energy  into  the  private  and  public  ear  by  innumerable 
letters  to  friends,  to  news]>apers,  by  circulars,  pamphlets,  and 
at  length  by  a  printed  book,  the  ^rst  edition  of  which  was 
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puliW^^hud  in  18JiO,  with  the  leji^thy  title:  *  Obs^^vatiytl^  un  n 
QeiiiTul  Iruti  ItAilway,  or  Land  Steam  Conveyance,  to  super- 
Mxlc  the  Ui'tvsMty  of  horses  in  nil  j>ijl)Iic  vehk'k's,  showings  its 
xast  Hii|K'ri(jnty  hi  vwry  respect  over  alJ  the  present  pitiful 
nivthtxls  of  conveyance  by  turnpike  roads,  eana].s,  tuid  coasting 
traders,  eontjiirnnpr  every  information  retative  to  nulroads,  and 
locomotive  cngirle^^J  by  Thomas  Gray/ 

SUiwIy  the  man  of  one  idea  emerged  from  the  crowd.    A  few 
mhI  nirii  hej^an  to  entertain  a  gliniuierin;;  notion  of  hin 
g,  and  to  lieeoine  interested.    People  of  note  looked  at 
tlw  IdvtL,  discussed  it,  and  ended  in  jidvocating  it  almost  a» 
1*'         ■  ioally  as  ^Ir.  ^'^^v  himself;  even  timid  capital  began 
»  n  it,  and  to  come  to  itjs  aid,  until  at  la^t  tlie  mind:»of 

businefiB  men  were  suflicientlyaroused  t**  give  the  pixipj^ed  scheme 
if  '  '  viit  pid>ltc  Iriul  on  the  road  between  lj%erpool  and 
\!  r.    Tliih,  however,  wa^v  not  until  four  or  Hve  years  of 

pTD^iKteiit  agiUition,  and  after  several  editions  of  Mr.  Gray^a 
b.  '  '  '  ^  Twvn  published.  The  trial  on  a  large  wale  was  made, 
aiJ  ■  idy  thu  idea  ceu.sec]  to  be  at  all  wonderful,  or  even 

novel  It  was  only  what  everybody  had  always  firmly  enter- 
tAUieil,  nnti  what  evervlKidy  took  the  credit  of. 

The  merit  of  tirst  iuU*jcat]ng  a  novel  and  workable  idea,  and 
persistently  and  succe^ifully  forcing  it  on  public  attention  is 
andoubteilly  very  greats  even  allowing  that  in  a  %'cr}' short  time 
■nme  other  person  wcmhl  iidallibly  have  done  so.  But  it  is  to 
Ubc  jjmctiral  workers-out  of  dttaU  that  the  success  of  railway 
locomotiijn  is  rmllv  due.  The  Kolitary  engines  that  hei-c  aiid 
tlirrv  throughout  the  country  laboured  with  so  uiurli  (hificultv 
AloDg  the  IrumriHulfi,  at  2  or  fl  miles  an  hour,  or  if  a  greater 
tperd  u'liM  aUetopted  at  once  broke  down,  and  had  themselves 
to  be  ignoiuinioiiniy  hauled  away  by  horses,  wtiutd  never  have 
onrrgiti  from  Ifu-ir  (irst  oljv"*ciirity,  and  have  revulutionimi  the 
•urid,  if  |mtient  practical  minds  hml  not  long  and  punfully 
Umrrd  to  cvt»]ve  workable  biinplicity  out  of  that  woialcrfnl 
eocnplcxity  which  i»  always  tbc  Ht^t  offsjiring  of  the  inventive 
f^iM  of  man. 

Il  was  bebevcd  tliat  there  never  could  bo  suflicient  mlhe*iion 
Iwem  th«"  wheel.%  of  the  liKonjotive  and  the  imn  rails,  uud  it 
»M  fuiuul  in  many  of  the  *trangcly-com}Miuudeci  early  trnmroiid- 
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en*^ines,  that  if  the  sjjeod  was  at  all  nii»^iitnitf*l  the  driving- 
whc'eLs  would  revolve  nn  the  smooth  rails  witliyut  advnncing 
the  Itwid  a  single  vard.  The  ingenious  Air.  Hlenkinsop  at  oiict* 
dcvi.sed  the  remodv,  Tlic  plan  wfLs  to  notc)j  Uic  rails  in  the 
fomi  of  a  ratric,  and  the  wheels  of  the  engine  and  wa^ns  »vrc 
cogged  with  teeth  to  work  into  the  notches.  One  of  Mr. 
Blenkinsop^s  engines  of  4-liorKe  power  injpelled  a  currijigi* 
lightly  loaded  at  the  rate  of  10  miles  an  hmir,  ai»d  hHulod  a 
train  of  thirty  coal-watrons  at  about  a  third  of  Hiat  patv.  For- 
tunately it  was  M)on  discovered  tliat  the  cont'ln>iion  on  which 
Mr.  Blenkinsop  and  others  had  lioen  working  was  ttnj  liftsty^ 
and  that  the  amount  of  adhesion  between  asniootii  wheel  and  a 
smooth  rail  eould  ea^iilybc  made  ipiite  sufticient  for  all  pi)rf)uses 
of  traction. 

The  united  labour  and  experiments  of  numerous  practical 
mec]mnicH  throughout  the  Unitt^l  Kingdoni  were  devoted  to 
perfectinjo;  almost  ])iece  by  pieee,  and  joint  by  joint,  the  iron 
anntoiny  of  the  infant  loconiotivo,  until  there  presently  emerged, 
and  towered  above  his  fellow- workers,  n  miin  whose  niinie  lias 
l>ecome  a  hou^*ehold  word,  and  whose  title  of  originator  of  the 
modem  locomotive  engine  is  beyontl  dispute. 

George  Stephention,  the  first  of  the  great  locomotive  and 
railway  en^neers,  rose  to  eminence  from  the  hiJtn})le%t  ranks  of 
lal>our.  His  father  wan  a  working  collier,  and  tfie  son  from  hi» 
earliest  years  was  dependent  on  the  fianl  toil  of  his  hands  for 
his  daily  share  of  bread.  He  wtts  born  in  a  small  cottage  m 
the  village  of  Wylam,  on  the  banks  of  tlie  Tyiie,  not  far  from 
Newcastle.  As  a  young  child  he  was  sent  out  to  work  in  tlic 
fields^  from  which  he  was  shortly  promoted  to  the  more 
lucrative  emplovnient  of  picking  over  coal  heaps  at  twopence  a 
day.  So  younfT  was  he  when  thus  engaged  that  he  was  obliged 
carefnllv  to  keep  out  of  sij*;ht  of  the  overseer,  lest  he  should  Ih» 
considered  too  small  to  cam  even  this  moderate  waj^e.  In  his 
early  manhood  he  was  successively  employed  as  a  *  brakesman ' 
on  a  traniroad.  and  as  a  stoker  to  a  windinu  cn|iine  at  the 
wapes  of  a  shilling  a  day.  When  this  was  doubled  he  U  re- 
corded to  have  declai>?d  himself  'a  made  man  for  life/  Steadily 
working  and  toiling,  often  having  to  rise  at  one  and  two  oVhwk 
in  the  moniing,  i\m\  labour  until  late  at  niglit.  h*'  ^^^^lg;^led 
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with  III*  tk"stiny,  hut  (it  so  low  un  vbh  wl^pl*  his  fortunes  in  the 
first  years  uf  Iht*  cviiturv  that  he  hftti  almost  drcidttl  to 
eniigmt«»  to  the  new  world.  Happily,  however,  tor  his  coiintrv, 
he  rontiiHiotI  resolutely  to  Iwittle  with  the  (iitficnlties  of  his 
Itt'e  in  his  luitive  distriet,  where,  tv^  time  went  on,  lie  gradnallv 
••nmed  tlie  character  of  a  steady,  oliser\iint,  and  re.soureeful 
limn.  A!  tlie  ii^e  of  Jie  married,  nnd  in  1803  his  only  ehild 
Kolxrt  wtw  iKini— a  ehikl  destined  to  l>eeonie»  in  the  world  of 
nulwiiys,  the  peer  of  hi.s  distin^'ui-slied  father.  As  this  son  ^rew 
in  yearn,  it  related  that  (!eor;je  Stephenson,  in  order  to  meet 
hiH  iiiereaHin^  resptjiisibilitiess,  and  (wpeeially  to  provide  for  his 
MonV  eihiejitioTi,  had  tn  turn  hi.^  Itand  to  almost  every  vAriely  of 
n^ork.  It  is  reconled  amongst  other  items  that  he  taught  himnelf 
to  iiietid  his  neijj[d>ours^  elocks  and  writflies,  to  cut  out  elotlies, 
tnnkv  *hw*  for  the  pitmen  and  his  poorer  rehitives,  and,  alwve 
to  ix'ud.  write,  and  to  t^eize  every  n])portunity  of  improving 
h'tn  mind. 

HiH  inventive  f^i'tiin.^  wa>.  nhnost  eoiistantly  at  work,  and  set 
gnnif  wax  the  hn-a!  reputititm  that  his  steadira'ss.  ingenuit}', 
pud  sturdy  intefjrity  of  eharaeter  at  lenjjtli  obtained,  that 
afxait  the  ytar  IHli2  lie  wjt-i  intrusted  by  Lord  Ua\ensw(*rth, 
nnd  the  Killii)«;worth  eoUiery  proprietors,  with  money  to  make 
A  pnbctical  trial  of  a  hiconiotive  engine,  oil  which  his  time  and 
tlii^ii^ht^  had  iKrn  for  some  time  en^ifjfed.  Tfie  uiif^ine  wsh 
Imilt  and  trieci  *>n  the  Killin^worth  tramway  in  the  month  «)f 
July  1H14,  and  from  tln^  dale  the  future  railway  engineer 
h^TWne  in  r*'ality  what  ho  had  himself  antieijwited  at  a  nmcli 
enrli*T  perio*!,  vi/.,  '  a  nm<Ie  man  for  life/  His  name  aiul 
■hilitie:«  Iwrame  known  over  the  whole  of  the  Newcastle  district. 
r.n;fiue  stokin;;  wan  left  fur  hehijul,  ho  iK'canu"  viewir  at  H 
colliery  wul  engiiie-wri^ht,  wits  einpltiyeii  in  laying  down  h 
tramnwd  nt  Hetton^  nnd  tlien,  for  the  niode?it  mm  of 
umlcHook  to  execute  tfu*  survey  f«>r  a  prt»jHJ?«^d  triunway^  or 
nulnvul,  fn»M)  SttK'kton  ti*  Darlington,  ami  iiftervvurds  became 
principal  en;;inct*r  to  that  line»  to  which  we  mubt  now  for  & 
tneiit  lunj  our  .'dtrntion. 

For  miiny  yearp  previous  to  the  year  1816,  itiiich  discontent 
hmd  nmeit  in  the  eittnmereial  world,  especially  in  tlie  riortheni 
diMrictJi  of  Kn^land,  <iwing  to  the  extnivagtiiit  eharf;e«  and 
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geneml  ineffici<?ncy  of  the  navigahk'  canal  scrvitv  m  a  mean^  of 
trana])ort.  The  canal  proprietors,  poAfieRsiiig  a  secniingly  «*cun? 
monopoly,  hftd  become  arrogant  ami  carvk'ss,  ur,  it  may  Ik.',  un- 
obscrvtiiit  of  the  growing  retpiimiu^nts  of  trade.  In  tlit*  coal 
districts  of  Durham  au  extensive  field  was  that  wituatcd  a  shoH 
distance  north-west  of  Darlington,  froni  whence  coals  wcrr 
carried  to  Stockton,  a  place  in  connnunication  with  the  siia, 
near  tJie  mouth  of  the  Tees,  and  in  this  district  the  dilficnlties 
of  transport  had  long  Ijeen  seriouisly  felt,  I'he  eoristruc  tion  <jf 
a  canal  had  been  proposed,  but,  after  l*inir  diMpiite  hetween  the 
proprietors  of  Darlington  and  the  merchants  of  Stockltin,  Iwui 
IxH^n  laid  aside.  The  Stockton  merchants,  adojding  the  motto 
Mdiora  ,sjKramm^  convei*ed  a  public  meeting  to  discuss  what 
could  be  donCf  and  a  ^^peciol  commtttcc  wa^  appointed  to 
investigate  the  relative  advantages  of  a  catial  or  a  tramway  ; 
still,  nothing  was  effecteil ;  but  the  frieinis  of  some  form  of 
tramroad  gradually  gained  tlie  ascendant.  Tlieir  projxiMds 
were  modestly  limited  to  a  tiniher  road,  over  wfiicli  the  traffic 
could  be  drawn  either  by  horses  or  hy  rtipes  itltached  lo  the 
winding  gear  of  stationary  engines,  and  it  was  estimated  that 
one  horse  could  lead  downwards  from  Darlington  to  Stockton 
ten  tons  of  coal,  and  In  returning  ahout  four  tons  of  load, 
exclusive  of  the  weight  of  the  vehicles.  No  idea  of  conveying 
passengers  was  dreamt  of. 

A  company  \v*is  at  length  formed  towaixls  tlic  end  of  tlic 
year  1816,  and  George  Stephenson,  who  had  been  engaged  on 
tJie  preliminary  sunxyx  was  appointed  engineer  to  tht?  prupiixcid 
line  of  tramway,  or  railway,  and  h»st  mi  time  in  urging  upon 
the  promoters  the  employment  of  iron  nuls  in  tlie  place  of 
wood.  The  raising  of  the  retjuiyitL*  cnpitiil  was  ordy  effertxsl 
with  extreme  difliculty,  |)riiici|willy  througli  the  sidteicriptionft 
and  exertions  of  the  wealthy  Quaker  families  of  the  neighbiuir* 
liood.  George  Stephenson  strove  hard  t(t  impregnate  the 
din.!ct.ors  of  the  ]>roject  with  his  own  nanguine  views  as  t(i  the 
certain  success  and  economy  of  steam  locnmotion,  but  the 
mei*chants  and  leading  men  of  the  district  regarded  his  pro- 
pisals  with  suspicion  and  ridicule^  and  persistently  closoel  their 
purses.  The  capital,  however,  wa.s  at  length  raifiitl^  and  Llie 
eomjiany  went  to  Pailiaiiient,  not  indeed  with  the  declared 
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iuLeuHon  of  emptayiiig  kjcoinotivcs  fi>r  tin*  v^ovk  of  traii^tiJoK. 
l»ut  di-mring  only  ptiwcrs  to  provide  *  for  the  making  niid  main- 
taining of  the  trainro)u!s,  aiicl  for  tlu*  (jussa^c  llimnju  <if  waj^jiis 
Jind  otIuT  nirriagt^i  by  ini'ti  aiul  hni-sfs  or  /j/Zfcrrc/V.* 

So  great  was  tlie  op[M>sition  that  cm  three  (X'<'a.si{>ns  the  bill 
wriw  ncprttivrd,  and  it  was  not  ovenhmllv  jiassod  until  thi*  yoar 
IH^L  On  TiK-sday,  tht-  27th  of  SL-ptonihcr  ^2'),  the  Steicktun 
iind  Darlin^on  Railway  was  fonnully  n|K?ned. 

'I'lie  most  ittHuonttal  friends  and  advocates  of  this  uoni- 
|«irativi*ly  insifjniticant  line  of  railway,  which  practically  solved 
the  ^'at  question  of  improved  transport,  were  the  (Juaker 
family  of  IVaM?.    One  ehiv  in  Cn*nr'^c  Stejiht-nson  hjid  a 

momt'nions  interview  with  Mr.  Kdwnrd  IVjtsc;  induced  him  to 
visit  Killingworth,  wla-rv  he  rould  set*  for  himself  what  a 
hK'ouiotive  workin*f  on  iron  mils  eoidd  do,  and  frmn  that  hour  it 
was  mutually  deeideil  U\  these  two  stnHiij  aiid  enertjutic  men 
that  evt»rj'  nerve  should  he  strained  to  obtain  powers  to  work 
the  tniflie  of  the  Stockton  and  Darlinf^ton  line  by  stenni  Kx'O- 
uiolives.  Fillv  years  hiter,  on  tlic  ntraiiion  of  the  jul>th?e 
celebration  of  the  Stockton  ami  Djirlinj^ton  Railway  in  1K75, 
Mr.  Heiirv  IVase  remurkwl^  tJiat  it  \ml<  sur|]risiu^  lliat  the 
wttrhl  ^houltl  have  lu-en  so  nmny  tfiousand  vear^  old  *  In-forc  it 
v&A  tliorou^hly  knouii  to  what  extent  two  simple  parallel  Imm, 
laid  at  a  ^iven  distance  apart^  would  facilitate  the  iiitercoiirst* 
of  nnmkiud/  He  dctaiU*{l  in  an  amuhinj^  >ipewh  scMne  t»f  the 
early  struggles  arul  difficidties  of  the  project.  How  one  of  its 
ta-nt.H  Iwwl  said,  '  It  \s  follv  ;  vou  will  never  jLjet  your  wagons 
tmvol  on  the  railway.*  And  ani>tht'r,  I  am  sorry  to  imd 
the  intelligent  people  of  the  North  gone  mad  on  the  siubject  of 
nulwft^**/  or  '  It  is  all  very  well  to  >|iend  money,  it  will  do  some 
|P;ock1«  but  I  will  at/  all  the  coals  your  steam-railroads  will 
curvy.'  *  He  did  tint  livt%  said  Mr.  Henry  Pease^  '  until  the 
1K74  when  127  millions  of  tons  of  ciwd  were  earritnl  by 
*|wray*  and  I  hope  he  had  nmny  go(«i  dintierM  on  more 
cItgvMlible  niatt-riaU/ 

At  the  opening  of  Ihe  line  in  lS!i5,  in  the  presence  oi  n 
fpvtii  concourM?  of  people,  a  train  was  formetl,  weighing  80 
terns  con»iUting  of  one  of  (iwrgi*  Stephenson's  engines  *  No,  1/ 
drireti  by  that  able  engineer  hinwelf,  ^is  wagons  ladcTi  with 
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coals  and  flour,  a  covered  ^  coach  containing  directors  and  pro- 
prietors, twenty-one  coal-wagons  fitted  up  for  passengers,  and 
filled  by  a  promiscuous  crowd,  and  lastly,  six  more  loaded  coal- 
wagons.  This  train,  gaily  decorated,  started  off  with  a  horse- 
man carrying  a  flag  at  its  head.  Crowds  of  people  stood  along 
the  line,  or  ran  on  foot  after  the  train,  and  gentlemen  on  horse- 
l)ack  galloped  across  the  fields  to  keep  up  with  it.  The  speed 
was  gradually  increased  to  10  miles  an  hour.  At  a  &vourable 
j>art  of  the  road  Stephenson  determined  to  try  the  powers  of 
his  engine,  he  called  upon  the  horseman  with  the  flag  to  get 
out  of  the  way,  put  on  steam,  and  now  12  miles  an  hour,  then 
15  miles  an  hour  were  attained,  and  the  runners  of  foot  and 
the  gentlemen  on  horseback  were  soon  left  far  behind.  *  When 
the  train  reached  Darlington  it  was  found  that  4*50  passengers 
occupied  the  wagons,  and  that  the  load  of  men,  coals,  and 
merchandise  amounted  to  about  90  tons."*  ^ 

The  subsequent  results  of  the  opening  of  the  Stockton  and 
Darlington  Railway  were  surprising  in  every  way,  both  to  the 
proprietors  and  to  the  public.  It  had  not  been  intended  to 
employ  the  line  for  the  conveyance  of  passengers ;  but  the  de- 
mand for  carriage  became  so  great  that  the  company  was  soon 
induced  to  provide  the  necessary  accommodation.  In  October 
1825,  it  was  announced  that  the  company''s  '  coach  *"  called  the 
'Experiment^  would  run  from  Darlington  to  Stockton  and 
back,  every  day  except  Sunday,  making  one  journey  each  way 
per  day.  Each  passenger  was  allowed  to  travel  and  take  one 
package  not  exceeding  141bs.  in  weight,  at  a  fare  of  one  shilling. 

George  Stephenson^s  interesting  engine, '  Xo.  1,**  which  had 
cost  the  modest  sum  of  i?500  only,  wan  before  long  supple- 
mented by  other  improved  and  stronger  engines,  and  the  road- 
way itself  was  quickly  brought  into  better  order.  As  the 
traffic  increased  a  double  line  was  laid,  and  trains  weighing  up 
to  92  tons  were  run  daily  at  5  miles  an  hoiu*.  The  rate  for  the 
carriage  of  merchandise  per  ton  was  lowered  from  6d.  to  |th  of 
a  penny  per  mile.  The  cost  of  the  carriage  of  minerals 
dropped  from  7d.  to  l^d.  per  ton  per  mile,  and  the  price  of 
coals  for  shipment  fell  from  18  shillings  to  8  shillings  and  six- 
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jHTitrr  piT  ton.  .Vh  a.  wjiiseijucnce-f  ihv  vxpitri  titule  rapidly 
iiicreaMHl,  ami  ihv  i'oiiipany''s  shares  rose  to  i:'40  |>rt.*uiimn  cavIi, 
*  witli  pli'iity  i>f  buyerw^  hut  no  helUrs.* 

Thf  small  Stofkt»HV  nud  Durliiigton  Uuilway  was  constructed 
And  cArriwi  throii|;li  by  a  body  of  ent^r^'tiu  loail  capitalists ; 
hut  the  Hrst  line  niatir  hy  capital  raist'd  in  the  public  markt^t 
Atid  fur  tlu*  public  btnetit— and  whitli  in  a  more  special  mniincr 
nuvrks  the  birth  of  the  railway  system  of  England  and  of  the 
wtirlil  WHS  that  Ix'twcen  Liveqiool  and  Manchester.  It  was 
in  the  proliminary  ?*trij^gles  of  this  rHiUvav,  from  its  first  iiict']>- 
tion  tt>  its  final  Micccs&ful  accomplishment,  that  the  doeisi^ie 
Imltli*  bctwtvn  the  new  system  of  locomotion  and  the  united 
furceK  of  ignorance^  prejudice,  and  avarice,  was  fought  uut 
iron ;  and  it  was  till'*  decisive  victory  that  threw  open  the 
of  puhhc  enterprise,  and  inaut^unitci^  tlic  modern  era  of 
miiwnjx. 

To  recount  tlic  absurdities  juid  extravagances,  the i|^ioranctv 
minfh*<hM'jis,  and  prejudice,  diH])layed  in  this  great  cn- 
would  probably  raise  a  snule;  whilst  to  pii:ture  the 
mpHCiodsncHs  luid  ffrccd  aroused  by  alarmed  sclf-intcrcht,  or  by 
tuilculated  avarice^  would  excite  indignation  and  dif'gu.Ht,  The 
intcn*9*tc<l  reader  will  linil  the  ininuicst  particulars  duly  rc- 
cordeil  in  Dr.  Smile*'  Lhrjt  of  the  SlcpfwtiJitmjt.  Early  alive  to 
ihr  MTio««  drfi'cts  of  transport  ami  the  dawning  i)f  a  new  eni, 
th*f  merchants  of  IjvitjkioI  in  the  year  IHi^l  fornie*l  thcmwlves 
into  M  committee^  drew  up  a  scheme^  and  establishcil  a  com- 
puny  for  the  construction  of  a  traniroad  or  line  t>f  ii^m  raili* 
Itrtwren  LivequH)!  lual  Mnnchcster,  uiselv  leaving  open,  as  loo 
rootniliouH  aiul  cond>it'^tibte  a  questions  the  motivc*power  to  be 
noployed.  Sij  ^reat,  ncvertliclcji.s»  was  the  alunncd  tipfto^sition 
cifigiionuRV  and  vested  interest^  that  it  was  only  by  stealth, 
by  nuuiy  iiij(eni<iu>*  r*trata;^enjf*— in  the  darkness  of  the  ni^ht— 
or  by  twiual  nrincd  force,  that  the  iirst  surveys  could  l>c  made, 

It  waH  not  until  the  emt  of  four  year>,  vi/>,  in  A]»ril  18^^ 
tW  the  iir>l  FarlinmcnlJiry  Itill,  after  a  desperate  struggle  in 
cmiDiitti'c  with  canal  pn^firictoi-K  and  landownciii,  extending 
<tvrr  tSR  day.s,  wa*  at   Iciiglh  'put  and  m'^atmti^  amidst  the 
'   ch«*er?i  of       oppurient^     Nothing  daunted,  the  pro- 
uarrii*d  out  fresh  >urveys  appending  wmic  of  the  most 
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powerful  opposition,  and  made  a  renewed  application  to 
Parliament  in  the  ensuing  year,  when  the  third  reading  of  the 
bill  was  at  last  carried  by  a  majority  of  88  to  41,  at  a  cost  to 
the  company  of  £^fiOO,  Greorge  Stephenson  was  at  once 
appointed  principal  engineer,  at  a  salary  of  jPlOOO  a  year.  The 
works  were  vigorously  prosecuted,  and  the  line,  in  spite  of 
many  severe  and  unprecedented  difficulties,  was  opened  for 
public  traffic  on  the  15th  September  1830. 

The  question  of  motive-power  to  be  employed  on  the  new 
railway  was  virtually  decided  by  the  company''s  selection  of 
their  chief  engineer,  Greorge  Stephenson,  assisted  by  his  able 
son,  had  devoted  himself  now  for  many  years  to  the  perfecting 
of  the  locomotive-engine,  and  so  numerous  were  the  improve- 
ments he  had  devised  and  introduced,  that  the  superiority  of 
the  locomotive  for  purposes  of  traction  over  fixed  engines  was 
now  scarcely  disputable.  In  the  early  part  of  the  year  18^, 
the  directors  of  the  Liverpool  and  Manchester  Railway  ap- 
pointed a  committee  of  experts  to  inquire  into  the  relative 
merits  of  locomotives  and  stationary  engines,  and,  as  the  final 
result  of  the  recommendations  of  this  committee — who  had 
visited  the  tramroad  systems  of  the  North  of  England,  and  had 
thoroughly  investigated  the  different  methods  of  motive  power 
there  employed — it  was  decided  to  publicly  offer  a  premium  of 
£500  for  the  best  locomotive  that  might  be  brought  forward 
by  manufacturers,  to  compete  under  certain  fixed  regulations, 
the  principal  of  which  were : — That  the  engines  should  con- 
sume their  own  smoke ;  that  if  they  weighed  6  tons  they 
should  be  capable  of  drawing  a  train  of  20  tons  weight,  includ- 
ing tender,  at  a  speed  of  10  miles  an  hour  on  a  level  railway  ; 
that  each  engine  should  have  two  safety-valves — one  beyond 
the  control  of  the  driver ;  and  that  the  height  of  the  engines, 
including  chimney,  should  not  exceed  15  feet.  Lastly,  it  was 
stipulated  that  the  price  of  the  engine  was  not  to  be  more^ 
than  £550. 

Only  three  locomotives  entered  the  lists,  viz.,  the  '  Novelty,"' 
by  Messrs.  Braitliwaite  &  Ericson ;  the  '  Sans  Pareil,**  by  Mr. 
T.  Hackworth  ;  and  the  '  Rocket,*"  by  Mr.  George  Stephenson. 
It  was  well  understood  that  the  prize  of  the  competition  was. 
in  reality  the  construction  for  the  company  of  its  entire  stock 
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of  engines,  aiid  eocli  eompLtitor  hiul  strftiutitl  t-very  n*?rve  tf> 
ensure  the  success  of  his  miichine.  The  merits  of  the  respective 
engines;  were  to  be  deciJeJ  hv  tlie  ilirt'cti>r^i,  assUted  hv  three 
selected  experts.  On  the  dny  nppointed  for  the  Iriftl,  a  lewl 
section  of  line  about  IJ  miles  long  wan  marked  off,  over  vrhich 
eacli  engine  in  turn  hud  to  travel  biickwards  and  forwards  ten 
tinicfi,  making  a  total  *run  '  of  SO  miles,  llie  ^Novelty  '  suc- 
ceeded only  in  passing  twice  over  the  distance,  when  the  join' 
of  tile  boiler  gave  way.  Tlie  *  Sans  Pareil,*  fni  exaunnjttion, 
WHS  found  not  to  be  in  strict  ficcordaiice  with  the  conditions; 
but  it  was  decided  that  a  trial  of  it  might  be  made.  Aftcil 
passing  over  the  nieiusured  course  eight  tinicA,  the  pump  that 
supplied  the  hotter  failed,  and  ended  the  experimetU,  The 

*  Rocket/  ivith  a  load  of  17  tona  attachedt  twice  performed  the 
disbmee  of  90  miles;  the  Hrst  time  in  twii  hcnjrs  and  n  ijuarter, 
and  the  second  in  two  hours  and  jieven  minutes.  The  tUAxi- 
muni  speed  attained  by  it  was  eatiintited  at  30  niiles  an  hour, 
and  the  average  spml  Wiis  about  14. 

The  great  superiority  of  this  engine  over  every  oUier  that 
iiad  hitherto  been  made  was  due: — First,  to  the  introduction 
by  George  Stephenson  of  a  tubular  form  of  boiler,  consisting  of 
an  arrangement  of  tubes  passing  through  the  water-space,  bv 
which  a  very  large  heating  surface  was  pro\ided  ;  and  &ee4ind]v, 
to  the  admirable  contrivance  of  the  *  steam-bla<it,^  which 
directed  the  waste  steam^  after  performing  its  niiiin  work  in  the 
cylinders,  into  the  chimney  of  the  engine,  thus  cn.*Ating  an^ 
maintainhig  during  the  whole  time  of  working,  a  powerful 
draught,  which  secured  a  more  rapid  cofubustiou  of  the  fuel  in 
the  furnace,  and  generation  of  steam  in  the  boiler.  The  suc- 
cess of  the  '  Rocket  ^  was  complete^  and  George  Stephenson 
wti^  appointed  to  build  the  engines  for  the  company^  which  he 
continued  successfully  to  do  up  to  the  time  of  his  death  in 
1848. 

Tlic  *Sans  Pareil/  although  beaten  in  con&cqiience  of  a 
trifling  accident  in  this  particular  trial,  was,  nevertheless,  a  very 
remarkable  engine,  and  prolmbly  but  little  inferior  to  the 

*  Rocket,'  notwitksitandlng  that  the  latter  contained  the  germ 
of  thotiie  improvements  which  afterwards  guaranteed  the  HUCceM 
of  the  hifomotive  engine. 
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Tlic  *  Sans  Pareil"  for  tiiAiiy  years  after  the  trin.1  Jiil  n  ga*at 
dinl  of  excellent  work  on  the  '  Bolton  and  Kunyoji  Juiictiau 
Hjulway/  nmning  as  much  as  It^i)  miles  a  day  for  v^ars, 

Tlie  «ucce«6ful  working  of  the  Livt-qujol  aiid  Manchester 
Hallway  led  to  the  immediate  eonstruetion  of  the  line  between 
London  and  Birniinghuni — the  parent  of  the  modem  '  l^judou 
and  North-Westt^ni '  system,  and  let  loose  a  Hood  of  railwav 
enteri»rise  throughout  the  country^  until  tJie  present  network 
of  railwavH  wa^  gradually  built  up.    It  must  not  supposed, 
iHiwever,  that  the  early  lines  of  which  we  liave  l>een  speaking 
wcrr  in  any  way  ronipirable  with  the  comfortable  and  wel!- 
rqui|)|Kn1  milwuys  of  the  present  d«y.    The  roads  were  hard, 
ruughf  and  uneven*  owing  to  the  employment  of  unyielding 
stone  bh)eks,  in^ttead  of  the  t-Utstie  timlH'r  and  other  slee|>ere 
nuw  used,  and  to  the  lightness  of  the  rails  mid  fa^stenings. 
Itwtead  of  the  luxuriouH  eaxriagi^  of  presL-nt  railways,  pi^wen- 
gprs  hjui  to  ride  in  wliat  were  little  better  than  open  trucks 
vxpofted  to  the  inclemeney  of  the  wentlier,  from  whieh,  as  we 
niRT  rem],  they  occasionally  overbalaneed  thcuiselves  iitid  fell 
out,  whilst  the  trains  wen.^  in  motion,  or  the  rmtghest  possible 
kind*  of  covered  *  cofu^'hes  *  were  providei!  for  tiie  higher  eltiss 
of  passengers,    'llie  station  aeeonnnodfttion  was  of  the  seantietit 
kind,  anil  the  trains,  running  ut  an  average  Hpeed  but  little 
AUptrior  to  the  fiistest  eoaehes  then  on  the  roails,  were  few  and 
(ar  Ix'twi-en,  and  started  or  arrived  at  their  destinationf*  ut  all 
M.»rb»  of  nncertiiin  and  invgitlar  intervals.    Hut  from  the  veiir 
1830,  ever>'  year,  anti  ahutist  every  month,  i^itnessetl  some 
tuiprovrnii'tU^  t-ither  in  the  road*  in  the  earriages,  the  engines, 
fw  in  the  hcn  iee  of  llie  raiUvav^,  until  the  comforts  luid  seeiu'ity 
of  modem  tmvelling  were  gradually  attained.    Nor  nuist  it  Im 
imiigined  that  tlie  ultimate  term  in  railway  improvements  has 
even  vet  l»eeu  appHMU'lietL 

En  etmehiding  this  rapid  sketch  of  the  Hk*  of  the  railway 
frVAteui  in  England,  we  cannot  refrain  from  <|uoting  a  few 
woixL»  of  a  !*jH-eeh  delivered  bv  <ie*>rge  Stephenson  in  the  year 
on  the  oeeWon  of  the  tipening  of  tJie  *  Ncwca*tle  and 
lUrlington  Railway,*  containing,  a&  it  iloett,  su  nnmy  iiderest- 
uferencx*)*  to  hi*  career.     'Yes/  he  said,  *  Lord  Knvciis- 

,    :,  jirid  the  Killingworth  owners  were  the  (irht  piirtie»  tluit 
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would  intrust  xne  with  money  to  make  a  locomotive  engine. 

That  engine  was  made  3£  years  ago.  I  said  to  my  friends  that 
there  was  no  limit  to  the  speed  of  an  engine,  provided  the 
works  could  be  made  to  stand.  In  this  respect  great  perfection 
has  been  reached,  and  in  consequence  a  very  high  velocity  has 
been  obtained.  In  what  has  been  done  under  my  management, 
the  merit  is  only  in  part  my  own.  I  have  been  most  ably 
assisted  and  seconded  by  my  son.  In  the  earlier  part  of  my 
career,  and  when  he  was  a  little  boy,  I  saw  how  deficient  I  was 
in  education,  and  made  up  my  mind  that  he  should  not  labour 
under  the  same  defect,  but  that  I  would  put  him  to  a  good 
school,  and  give  him  a  liberal  training.  I  was,  however,  a  poor 
man ;  and  how  do  you  think  I  managed  ?  I  betook  myself  to 
mending  my  neighbours'  clocks  and  watches  at  night,  after  my 
daily  labour  was  done,  and  thus  I  procured  the  means  of  edu- 
cating my  son.  He  became  my  assistant  and  my  companion. 
He  got  an  appointment  as  under  reviewer,  and  at  night  we 
worked  together  at  our  engineering.  I  got  leave  to  go  to 
Killingworth  to  lay  down  a  railway  at  Hetton,  and  next  to 
Darlington  ;  and  after  that  I  went  to  Liverpool  to  plan  a  line 
to  Manchester,  I  there  pledged  myself  to  attain  a  speed  of  10 
miles  an  hour.  I  said  I  had  no  doubt  the  locomotive  might 
be  made  to  go  much  faster ;  but  we  had  better  be  moderate  in 
the  beginning.  The  directors  said  I  was  quite  right;  for  if 
when  they  went  to  Parliament  I  talked  of  going  at  a  greater 
speed  than  10  miles  an  hour,  I  would  put  a  cross  on  the  con- 
cern. It  was  not  an  easy  task  for  me  to  keep  the  engine  down 
to  1 0  miles  an  hour ;  but  it  must  be  done,  and  I  did  my  best 
I  had  to  place  myself  in  that  most  unpleasant  of  all  positions, 
the  witness-box  of  a  Parliamentary  committee.  I  could  not 
find  words  to  satisfy  either  the  committee  or  myself;  some  one 
inquired  if  I  were  a  foreigner,  and  another  hinted  that  I  was 
mad.  I  put  up  with  every  rebuff,  and  went  on  with  my  plans, 
determined  not  to  be  put  down.  Assistance  gradually  increased 
— ^improvements  were  made — and  to-day,  a  train  which  started 
from  London  in  the  morning,  has  brought  me  in  the  afternoon 
to  my  native  soil,  and  enabled  me  to  take  my  place  in  this 
room,  and  see  around  me  many  faces  which  I  have  great 
pleasure  in  looking  upon.** 


CHAPTER  II 


FHlNni'LES   OF  COXSTKlFrriON' 


of  COnstTUCtiun  of  Tuilw^iys — Preliiumary — CaniLs  and  railroads — Th<! 
'Idcft'ofa  lailwuy  —  Kniwnseof  rcdu»;tton  lo  practical  form— EnibmknienLhi 
— VuuiucU  antl  cwuings— Land  piirchtisc  nod  compensations — Opinions  of 
engineers  in  early  daj*  nf  English  milwuvs  —Choice  of  route  and  devmlions 
— SanTy  and  levels—'  Kormation '  ami  grading  lin<*s^ — Mam  and  sections — 
Ac()ubttior)  fjf  land' — Legal  rcgul^iion  of  [j^jwers  of  rAitway  ptomotcrs — 
Ctimj>ct)'>»«ttuii  for  daiuflgc  t>r  mjury  1u  iiiojierly^Pailiamentaiy  plans  sritl 
wctions — Allcrations— Legal  Unowiedge  c^emta]  to  i!ie  Engineer — The 
Bcortl  of  T/«de— Puwcrs— MdJiima  and  mtnima  dimeiwlons — Superiority  of 
lotlia  in  uoiformdly — Iniportanl  rcgulAlJons  of  ibe  Board  of  Trade, 


To  undcrstantl  rightlv  the  princi])les  iuvolvctl  in  the  a|»|ilicntion  Prelimiiu 
of  milwjtv.'*  to  iUc  purpost^  of  laiui  looomutiun,  it  is  i itr uvsi^r}' 
to  uiDMdrr  for  a  moment  what  are  the  natural  resistaiicos 
which  olwtnict  freedom  of  inoveniciit — mul  esjienally  mpidit^ 
of  niuveniont — of  any  kind.    Thc*f*e  are  three  in  nuniln'r,  viz., 
TcrTt9*trinl  attnictioii,  n*^istaiiee  of  the  utiiiosphere,  and  J'ru-tlon, 
It  i&  licyond  any  human  effort  to  reiTn»ve  either  the  (irst  or 
tenind,  but  the  last  U  eupd>!e  of  l>ein^  so  largely  ivdiiced 
as  to  iKvonie  pnu'tieally  non-existent.    It  is  therefore  prin- 
ripidly  hy  tht;  nppliealion  of  hmnan  ingenuity  to  thu  rt'dnetion 
pcsii>itarice  of  frirtron,  that  the  rapidity  of  motion  attiuned 
«n«  liut  of  railway  has  Ini-n  rendered  |w>>NiU!e.    On  any  form 
uf  pomnmn  roa<i  the  resiAtanoe  oflrred  l>y  frietion  to  the  rapid 
drafl.  ijf  heavy  loads  can  only  be  reduced  to  a  eerlahi  limit, 
Mricli  is  vi*ry  scHin  reat-lieth    Moreover,  the  ex]>ense  i>f  eff'ect- 
the  reiluction  is  iueurretl  over  a  uiavintuni  surfatv.  Hence, 
Miire  anv  further  advamv  ean  l>e  inmU*,  somethirjg  altogether 
Mw  nlu^t  lie  tlevi-sed.     In  the  history  of  Itx-oinolion  this 
"Omrthifig  new  tirnt  took  the  form  of  a  yieliliiit;  and  mobile 
ttW^-ruod,  ill  place  of  a  hard  onicadamiMtl  i^nrfuce.    Uy  the 
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introduction  of  navigable  canalK  the  rcHiwtanco  of  frictioD  to  the 
motion  of  (imvy  hodit-s  wjls  grt-ntW  redtiml,  and  on  iin|iortaxit; 
step  in  advHiicu  was  made ;  but  the  most  notable,  the  nio*t 
convenient^  and  un  the  whole  the  niost  ecotioinicai  solution  of 
the  problem,  was  soon  found  in  the  tramway,  mitl  it.*  rapid 
Kuljsequent  tleveiopnient  into  the  true  railwav. 

The  *  idea  of  a  railway  h  to  furnish  two  [)arallel  Uiies  of 
hard,  smooth,  and  iinchatipfing  surfaces  for  wIkvIs  to  roll  iijnm — 
no  expenditure,  k*i  far  as  eoiicenisi  reduction  of  suriaec  friction., 
being  required  on  any  other  part  of  the  road^  except  tin  tln>sf  two 
very  narrow  surfaces  itnmediately  under  the  rinx  t»f  tJie  wljet*!*. 
It  is  a  very  simple  idea !— but  \»  one  of  tlie  last  tliat  twk 
po&sesiiion  of  the  hninan  mind — once  aeixed,  however,  mechanical 
difficulties  only  remained,  which  were  so4>n  surmounted,  and» 
iieeonlin^ly,  two  lines  of  strong  strniglit  bars  of  iron — to  3 
inches  wide,  and  4  to  6  inches  deep,  laid  and  firmly  sup]X)rtetl 
at  a  little  distance  alxne  the  general  ground  unrfaee — were 
placed  at  an  even  distance  apuii:,  no  as  to  suit  the  width  of 
the  veliicles;  the  sejmrate  lengths  of  iron  bar  wure  neatly 
joined  t<igether,  etid  to  end,  and  spiketl  or  st^enred  to  blorki*  of 
wood  or  stone  at  short  intervals;  ami,  lo  !  the  simple  idea  wn*t 
at  onee  euilKKlietl  in  the  fonn  of  a  ra.ilw«y,  or  in>n  ro*uL  which 
innnediatelv  tjpened  an  economical  pathway  for  the  introduc- 
tion of  stennu  or  any  other  source  of  power  that  nuui  might 
wish  to  employ  for  purpo^ics  of  traction  and  locomotion. 

Simpkv  however,  as  tlur  idea  of  a  railway  is,  it^  realisation 
in  practical  form  is  often  atten<ied  with  prodigious  expeusi*. 
The  natural  irregularities  of  the  earth's  nurface  mu.nt,  it*  one 
manner  or  another,  l)e  rcduceil  or  removed.  Low  j»arts,  ^nd 
often  deep  valleys,  iniist  filled  up  by  eiDliaiikmeitbi  or 
viaducts.  High  parts  must  Ik?  cut  througli  by  cuttings;  or, 
if  tlie  height  h  too  great,  nuist  Ix*  b<»red  through  by  tunud- 
ling.  Rivers  and  watercoun^es,  however  large  or  i^mall,  must 
Ix?  crowded  by  bridges — all  with  the  one  object  of  reducing  the 
whole  route  to  one  uniform  and  inoilcrately  level  sui-f/uv,  m 
aa  lo  reduce  friction  and  prevent  loss  of  trftctive  power  bv 
operating  against  the  action  of  gravity.  The  huid  alw  on 
which  the  railway  is  constructed  lia*  to  lie  purcha^icd,  often 
at  great  cost,  and  conipeiisntion  paid  for  interference  with  the 
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rights  of  pi*t>|if  r(y.  Tlie  >;mil  strength  ami  Holitlitv  miuircd 
in  all  constructions  connected  witli  the  roHcl  surface  of  ruilwuvs, 
in  tmJtT  \u  witbstaiui  the  impart  *>f  enornioiiHly  heavy  loads 
moving  at  tlionc  higli  vehK'ities  wluch  the  powt-r  of  Kteaiii 
nnd  the  sniootiiness  and  rvenuess  uf  the  raib  render  posfithle, 
is  the  cause  of  great  outlay,  and  imposes  on  the  railway 
cugiiuvr  Horkn  and  uperatioiii«  of  the  ^tvatc.sl  magnitude 
iind  ri-T«pnn»ihility. 

The  ^'neral  principles  of  the  conhtruetion  and  working  of  a 
line  of  railway  are  virtually  the  same  in  all  parts  i»f  tlie  world. 
We  will  therefore,  in  the  first  instance,  inilieate  a  few  of  tlieiit* 
general  prinriples,  irrespectively  of  country  or  locality,  so  as  to 
ikiniliari^e  tixe  reatler  with  the  vtirious  nature  and  extent  of 
the  pnnei|Mil  optrations  undertaken  by  the  railway  enpneer. 
We  will  then  briefly  glance  at  the  introduction  of  rail  way  h 
mto  Ituliu,  and  imle  some  tif  the  special  jieculitu'itie!*  tif  their 
■■MHpDction  and  working  in  that  countr}s  illustrating  a  fcv> 
of  ftr  more  remarkable  radlwiiy  structures  which  have  Ixvn 
larried  out,  and  supplying  the  reader  with  such  itifuruiutton 
a*  to  tlu*  working  re*ult*i  of  Indian  railway^*  may  Ix?  of 
gmersd  interest. 

In  the  tarly  days  of  English  railways,  the  decision  *ls  ti»  the 
bcrt  route  for  iniy  propoiiied  line  was  often  very  auuiniarily  dia- 
pond  of.    Given  the  chief  tennini,  it  w*is  said,  *«iake  your 
Uw  n»  straight  and  direct  us  possible  from  one  poii»t  to  tin- 
uther;  dinregard  the  smaller  centres,  Ix-caiise  when  once  thr 
line  ia  opi'ii  |K*ople  and  tradtr  will  Hock  to  it  a*  l»ee%  to  a 
hooev-pot,  and  in  a  few  years  it  will  run  thrtaigh  a  rich 
wid  pupulouM  district,  which  it  has  itM:lf  createil.    If  necessary, 
ftrtlers  and  branches  can  la*  tnjule  from  any  towns  of  ini[>ort- 
*ocf,  but  keep  to  tht*  shortL'sl  luul  most  direct  nnjte  for  vonr 
line.    It  is  the  through  Iniflic  that  will  jmt/:,  the  Im^al 
r,  wliich  i»  of  lewi  inij>ortance,  will  crente  it^^ielf/  TJiew- 
Wffts  howeviT,  were  simhi  uiiMtttied.    Contrary  to  what  wan 
•^upptwitl,  it  wa«  found  dmt  the  short  hxral  traffic  paid 
Ml,  or  even  lietter,  than  the  long  through  tratKc^  and  tlinl 
it  iras  more  economical  to  idlow  extra  length  to  a  main  line 
than  to  multiply  branehfH. 
The  i*clection  of  the  cMU't  route  to  l)e  tuki-n  bv  anv  propfwinl 
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line  of  railwftv  is  often  oiio  ivqiiiring  very  great  skill  rtn 
jud^K'ntr  !^  fts  fairly  to  lialancc  ct'onoiny  in  consstrurllon  wit 
fnrnnRTt'inl  jwlvnntai|;es  ntul  jiiiblir  t^onvniicnco.     Mr.  \io\w 
Stephenson,  whilst  oupi»i;ed  in  settling  tlie  precise  denuirt-ntio 
of  the  Loniion  Jitid  UirtTiinglmm  Uailwuv,  is  said  to  biwwalk 
over  the  whole  113  iiiiles  of  tlislance  Ijelwcen  tlioM?  towns  n 
[ess  than  twenty  tiines.    After  the  position  of  all  o!)ligat 
points  hm  been  deterniined,  the  first  tittidies  for  it  line  of  mil 
way  usually  result  in  tfie  alternutive  of  two  or  three  fuwsible 
rfmtes.    Trial  siiafts  an<t  liorin^  are  then  sunk  in  onier  tu 
ancertain  the  n;;iH>logieal  fonnntion  of  the  eountry  to  l>r  tni 
versed ;  closer  trial  levels  an*  run,  and  approximate  hections 
ai-e  nimie,  so  as  to  exhibit  on  paper  the  main  inLH|ualitte!!i  o 
tlie  ground,  and  to  indieate  the  probable  mass  of  the  hcavv 
emlmnkments  or  cuttings  required.    Tlie  consideration  of  all 
merely  loeal  deviations,  necewKary  for  avoiding  e\penjcive  pro- 
perties in  the  coutitry,  if  not  in  the  nei^libourliood  of  citie* 
and  towns,  iti  for  the  present  postponed;  liut  the  erossin^-plftfi^ 
of  the  principal  rivers  and  streams  are  fixeflj  so  that  they  nmy 
In?  as  econoniicallv  situated  as  possible*    Wheti  all  the  data 
necessary  for  fornunfj  an  accurate  jndgmeiit  has  been  collected,, 
the  engineer  responsible  for  the  project  Imlaiicc8  llie  evidence, 
in  favour  of  or  against  the  varions  trial  routes,  and  proceed»  to 
mark  out  on  the  *^roinul  tlie  exact  line  wfiich  be,  or  flu*  pro- 
Tuoters  advised  liy  him,  have  finally  tlecided  upon. 

This  route  must  now  l^e  very  carefully  adjusted  in  detail  iuit 
(hen  snrvevcd,  and  a  line  of  close  levels  nmxt  be  tnkeu  along 
the  centre  bne — which  has  been  deeply  nicked  or  scored  on  th 
ground — on  stout  pe*^  rlriven  nt  inter^al'^  iif^  wiy,  cVL^ry  ehain' 
len^'th.    The  survey  %vill  determine  by  ai^tual  measurement  th 
exact  form  and  dimeiisionH  of  all  the  natural  orartiticiai  fmtu 
of  tlie  ^rrotind  to  be  occupied  by  the  railway,  and  for  some  di 
tance  beyond  it  on  either  side,  so  that  these*  featun^i  can  I 
represented  gi'a]jhically  to  scale  on  paper.    The  levels  tak 
will  closely  show  all  the  various  elevations  and  depn'ssionN  a 
the  ground  surface  above  some  fixed  point  or  '  datum,''  usuall; 
the  mean  level  of  the  ^ea,  and  when  these  levels  an*  y>lotteii  ii 
continuous  order  on  a  mil  of  paper,  and  the  gurfact-  of  th 
^nnmd  is  traced  throu^jli  them,  the  en^riueer  will  bi'  mnbled  U 


RAILWAYS  IN  INDIA 


243 


w  on  Uie  Section"  Hius  formtnl  xvliat  nre  willwl  llie 'formation^ 
ar  ' ^^nuiirig"' lines — that  is  tliosc  lint's  representing  Ur- futun* 
(»urfm:c*  IcvcL  af  tlie  railway-  Whcrt^  Imul  for  dej>ositing  soi]» 
or  fnr  exfavuting  material,  is  very  lalimhle,  lie  will  eiuleiivuur, 
us  fnr  as  pxissibk*  in  drawinj^r  t)ic?ie  lines,  to  reduce  the  neeeNsity 
of  ib*  acquisition  liv  iMiliiiidji^  tlu-  ttitiil  Htuouiit  of  eultin^  and 
emlvtnkinent'*  over  ^vcn  lengths  of  the  section,  sti  that  the 
matcri/il  from  tfie  former  will,  as  netirlv  as  pas^ibk%  serve  to 
b«il<l  u|i  the  latter;  but  the  htgli  or  low  level  of  the  fornrntiOM 
lines  ^ili  Ir'  priiieijmlly  tietennined  with  referetiee  to  the  amount 
of  ffirlliworks  involved,  and  the  necessitv  for  keeping  the  rate 
of  incbnalion  >^'it]iiii  tliat  nmxtninni  limit  ^vhidi  it  ha.s  been 
dt^nied  expedient  on  various  grounds  to  adopt. 

Tliis  very  ini(>f»rt-iuit  matter  of  *  r^rading^  the  line  having 
HJtoen  finally  detennined,  the  en^jineer  prmxvds  to  plan  out  and 
^bvi^Ti  aII  the  vfcorks  and  structures  required  from  one  end 
to  the  other  <»f  the  raiUray,  whether  large  viaducts,  smaller 
bridj^es,  tuimels^  t>r  other  necessary  works^  and  the  exact  posi- 
tion«  main  dimensions,  and  serial  number  of  all  such  structures 
irill  l>e  c/vrefully  nnirked  on  the  plans  anti  sections.    He  will 
dctennine  fttalion  aecommodalion  of  all  kiiut^,  wlietlier  for  the 
nfTvice  of  the  nulwny  itsilf  or  for  the  public  convenience,  ami 
•ill  design*  or  provide  for,  all  matters  appertaining  to  the  de- 
bdled  workin|»  of  the  line,  such  as  si^ials,  telegruplis,  engine 
acciHinniKlatiot),  wcirkshtrps,  houssing  of  iitaff,  and  all  the  tfious^uid 
nitnor  n-^^uircment--*  of  a  working  railway.    In  the  nieantinic  tlie 
F  ':ties  juul  value  t)f  alt  items  of  laln>ur  and  niatenals  Unit 

filter  into  the  construction  of  any  and  every  part  of  tiie 
line  arv  taken  out  and  echeduUd  in  regular  order*  until  one 
il  't^titnate"  is  franiocl,  which,  according  to  the  skill  and 
/  ;  M'lM-K  of  the  engineer,  will  represent,  with  greater  or  less 
*pfm>xim«tion,  the  true  initial  cost  to  the  proprietors  of  the 
I  wtjrks. 

The  oonstntction  of  a  line  of  railway  neeesHitates  the  aequisi- 
Of  a  continuous  tttrip  of  land  to  be  assigned  for  its  exchistve 
and  occupation  ;  a  strip,  nmrmver,  which  in  the  majority 
inc<*nveniently  disconnects  and  severs  from  free  inter* 
_:uDication  the  adjoining  lands  on  either  side  of  it,  There 
cx)n«H|uently  but  few  cases  whea*  a  railway  can  be  con- 
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structed  witliout  h  more  or  less  serioit.s  interferenee  witli  privult! 
rights,  or  without  subji'cliii*,'  thi'  owners  of  /uJjoirnng  propordrtf 
to  sonic  degrei?  of  loss  or  inconvenience.  Hence  in  till  civiiLneil 
countries  it  lias  l>een  fountl  necessary  to  f^fe^UArd  the  legiti- 
mate rights  of  property,  and  to  regulate  and  deHne  tlie  powers 
to  be  granted  to  railwuy  proniotm  by  means  of  legtslatit^ 
enactments. 

These  erwictments  proceed  on  the  assumption  that  the  eon- 
struetion  of  any  line  *)f  railHay  is  for  the  public  advanlawc, 
and — thi.s  a^..siiinption  lieing  proved — ^that  the  particular  rights 
of  private  owners  should  way  to  the  "enend  f*ood  of  tin* 
eommunitv.  Jn  accordance  witli  the  provisions  of  the  various 
railway  cnactniDnt*i,  compxnicji  may  ol)tain  le<(al  powers  to 
construct,  work,  and  maintain  a  line  of  railway,  and  authority 
to  nctpnre  conipubsorily  such  lands  and  <dhcr  private  propcrtv, 
as  may  Im?  shown  necesstiry  for  tlie  occupati*>n  of  tlie  lintv, 
stations,  or  approaclies^  but  tliese  powers  and  priv'ileges  an' 
only  conferred  undermost  stringent  re;Ti]lntions,  framed  to  pro- 
tect the  rights  of  private  persons  which  may  be  interfered  with 
by  the  construction  of  the  line,  and  to  ensure  them  adequate 
compenfiation.  Nor  is  this  compensation  only  a  pecuniar}*  om*, 
Ovniers  are  empowered  to  require  from  the  railway  company  tht- 
construction  of  all  such  reasonable  works  and  conveniences  whicli 
it  can  }w  shown  will  neutmlifie,  or  mitigate,  tlie  damage  or 
injury  sustained. 

Before  legal  powers  are  gmntefl,  a  railway  company  has  to 
fiatisfy  Parliament— or  other  corrt^potidini;  (Jovernnient  author- 
ity— that  tlie  construction  of  the  contemplated  rnilwjiv  will 
really  1>e  a  benefit  to  the  public,  and  that  it  will  be  constructed 
and  worked  in  Kueh  a  manner  a?^  Ut  be  safe  and  efficient,  Iwth 
as  regards  the  genera]  pulilic,  and  the  adjoining  ]»roprielors  or 
occupiers. 

The  en^neer  of  a  railway  luts,  therefore,  in  tlie  first  place,  t<i 
jjreparc  for  submission  to  Parliament,  accurate  land  plana  and 
IxHiks  of  reference,  showing  exactly  what  lands  tlie  railwAV 
company  propone  to  ac'<]ui re.  within  certain  permissible  liniibi 
of  deviation.  He  luus,  in  addition,  lo  hulnuil  sections  of  the  pro- 
posetl  railway,  sliowing  all  gnidienU*  curves,  cuttings,  embank- 
ments, tunnels,  viaducts*  bridges,  or  other  works,  and  in  order 
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to  ensuw  perfwt  uniforniity*  these  plans,  sections^  and 
tlocutn^ntA  of  every  kind  are  retjuimi  to  be  pn?pared  and  sub- 
"ttini  in  ntie  luwl  the  sivme  rigidlv  specified  manner,  whether 
'th  rt^fjard  to  scale  of  drawings,  or  in  everv  otlitr  particular, 
in-struction*  for  which  are  laid  doMTi  in  minute  detail  in  the 
*  •tanding  orders '  of  Parliament,  which  ui  ust  be  precisely 
adhered  to,  on  (wiiu  of  absolute  rejection  of  any  application  for 
powm.  Moreover,  when  powers  are  At  length  obtained,  no 
subdcquent  alterations,  whether  of  route,  gauge,  gradient, 
curvvs^  or  structiires  of  any  kind  are  admissible^  except  within 
the  limits  of  stringent  regulations  expre^slv  formulated.  So 
greAtlVT  in  short,  are  railway  and  other  engineering  works 
poremcd  and  reujulatetl  by  special  lejEpsIative  enactments,  that 
»  conjiiderable  amount  of  legal  knowledge  is  one  of  the 
tirst  aecctssities  of  the  pnifcsMional  engineer  in  almost  every 
couMtry. 

In  Enf»land,  on  the  coin|>letion  of  a  line  of  nuKvay*  it  is 
neocfttary  that  it  Ik*  fA>unti  in  ticconlance  with  tl*e  spi-cial  re- 
quin'inrnts  nf  the  *  Hoard  of  Tnide^'  and  if  on  inspection  Ijy  the 
oifieerii  appointed  by  thi.s  Hoard  it  is  found  otherwise,  the  open- 
ing of  the  railway  for  pjvvien^^r  triiflic  may  be  jwstponed  from 
oaontb  to  month  until  such  requirement-K  are  eomplieil  with,  or 
if  the  line  be  ojiened  for  passen^^ers  without  the  n*C|uired  per- 
niia&ioii,  a  legiil  (x-naltv  of  £90  a  dav  for  every  day  during  which 
the  line  n*mniiis  o(H*ii  without  jK'nnission  may  be  enforced  under 
the  provisions  of  an  Act  of  Parliauient,  In  England,  there- 
fnre,  if  ii  railway  company  j>refers  the  altenmtive  of  paying 
the  sum  of  lUO  a  <lay,  a  new  pjb.senger  litie  may  apparetitly  I>e 
u|K*nrd  without  any  inspection  whatever,  luid  the  U^^fird  of  Trade 
Hppeurs  to  have  no  powLT  ahsohitely  to  ortler  the  closing  of  a 
line  from  zuiy  cause. 

Af^er  a  line  has  muv  l»eeri  t>|jenetl  tlie  Uoiird  of  Trade  has  no 
her  jKJwers,  either  of  insjiectiotu  ar  to  i>rder  any  inipn>ve- 
Ik,  or  to  interfere  in  aiiv  way  with  the  working  of  a  line — 
except  bv  UJ.'iking  *.itggestinns  or  recoinmcTiJalJons — unlesn  addi- 
tional new  workfi  are  undertaken,  in  which  ea*e  these  additit«i* 
an:  wbjeet  to  in?«}H>etion,  ami  llu-  altenvtion  of  «ueh  of  the  old 
vorkft  as  arc  in  cvinneetion  with,  and  di'iK-ndent  on  them,  may 
then  be  enforced. 
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According  to  the  present  state  of  English  procedure  in  this 
particular,  it  would  appear  that  the  Board  of  Trade  may 
practically  enforce  on  new  lines  all  the  latest  improvements  and 
best  precautions  warranted  by  the  most  recent  scientific  advance- 
ment, but  at  the  same  time  an  old  line — on  which  in  course  of 
years  an  enormous  traffic  has  grown  up,  far  surpassing  that 
likely  to  be  attained  on  any  new  line,  at  least  until  such  time 
as  the  new  precautions  enforced  have  themselves  been  super- 
seded— may  continue  to  be  worked  in  the  old  manner  without 
the  use  of  the  new  precautions  or  improvements.  In  practice, 
however,  although  the  anomaly  in  legal  powers  is  great,  the 
evil  is  of  less  importance  than  might  be  supposed,  inasmuch  as 
in  nearly  all  cases  railway  companies  are  so  strongly  interested 
in  tlie  safe  working  of  their  lines,  as  to  be  willing  eagerly  to 
adopt  every  possible  new  precaution  and  improvement  that 
presents  itself  as  practically  valuable.  The  deficiency  in  the 
legal  powers  of  the  Board  of  Trade  are  perhaps  most  strongly 
felt  in  the  case  of  old  lines  on  whicli — owing  to  various  causes — 
the  older  dimensions  of  fixed  structures  in  relation  to  changes 
in  rolling  stock  have  in  course  of  time  brought  about  a  more 
or  less  dangerous  state  of  things,  which,  as  they  cannot  be 
altered  without  incurring  heavy  expense,  are  exceedingly  liable 
to  be  unattended  to  until  some  serious  accident  has  resulted. 
An  absolute  and  rigid  imiformity  in  tlie  relative  maxima  and 
minima  dimensions  of  contiguous  structures  and  rolling  stock, 
on  every  line  of  a  given  gauge,  is  a  matter  which  was  greatly 
neglected  in  the  early  days  of  railroads  in  England.  In  India, 
on  the  otlier  hand — as  we  shall  see  later — this  important 
particular  has  from  the  first  Ixjen  carefully  attended  to,  and 
Indian  railways,  so  far  as  uniformity  in  standard  dimen- 
sions are  concerned,  are  probably  the  most  perfect  in  the 
world. 

Tlie  regulations  of  the  Board  of  Trade,  with  respect  to  the 
requirements  neccsstiry  on  the  opening  of  new  lines,  are  subject 
to  additions  or  alterations  from  time  to  time,  and  are  issued 
in  circular  form  for  the  guidance  of  its  own  officers,  and  for  the 
infonnation  of  tlie  engineers  engaged  in  the  construction  of 
new  lines  of  railway.  The  inspecting  officers  have  the  power 
of  modifying  these  regulations  to  meet  particular  cases,  but  in 
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thr  main  the  iTrtificate  of  tlic  Hoard  of  Trade  will  ncjt  Ik;  ^iwii 
anlew  the  reguIatiotiM  art-  strictly  oWrved. 

Tlir  following  n  tiieiiiorandiim  of  some  of  ihv  luorv  iiii- 
portaiit  of  tlie?**?  rvgulatiocis  to  wliidi  Engliitli  railway  coiiipanic-s 
opi*nin^  new  linvs  nre  rft|iiire<l  to  conform,  and  which — so  far 
«s  Applicable — have  alwj  Ikvii  adopted  on  all  Iiidiati  railways — 

J.  Tht'  rvcjui&ite  Appnmtiis  to  he  provided  at  Hie  p<?ritKl 
iii'ipectimi.  for  L^iiHuhii^  an  fuleijuate  interval  of  s|mce  l>elweeii 
fnUowini;  trains. 

2.  Htimt*  si|fn»l»  mid  di^itant  si^ftials  for  each  direction  to  Ik* 
iuppUcd  at  stations  and  junction<j,  with  extra  siguub  fur  such 
^klingt  M  are  used  either  fur  thi'  arrival  or  for  the  departure  of 
tnuniik 

3.  The  levers  and  handles  of  points  and  signals  to  be  brought 
cUmc  tofi^ethfr  into  the  punitiun  most  cunvenient  for  tlic  peixon 
working  ihem,  and  to  In-  interltK-kcd.  Tiit  |>o)iitb  to  be  provided 
with  duiihle  ctinnccting-rods.  The  levers  of  the  |Hiints  to  he 
(ufficiclUly  long  to  enable  the  p4iinti»inun  to  work  them  without 
risk  or  inconvenience,  and  imt  to  be  placed  on  the  ground  between 

ft^C  bnc%  of  rails.    AH  signals  wliicJi  arc  worked  by  wire  ilioiild  in? 
weighted  an  to  fly  to  *  ditnger  '  on  the  ti'ucture  of  tin-  wire, 
4w  Facing  poinbt  to  be  dvutded  aa  far  as  pue&ible. 
5.  It  bring  ncceswirj'  I  hat  n  unifnnn  hystcm  of  Aipnals  shimld  be 
adopted  on  nil  ruilways^  tfie  scinnpluire  nmi<  should ^  (it  stutioiis  iind 
junction^  wht-fc  there  is  more  than  one  on  one  side  of  a  jHt&t,  be 
made  in  future  to  ^^pply.  the  firht  or  up[ier  arm  to  the  line  on  the 
left,  (he  M-cond  ann  to  tlic  line  next  in  order  from  the  IcA,  tan\  so 
on*    In  tJle  east*  of  sidiiiji^s  u  luw  and  nliort  ami*  distinct  freni  the 
mrm  ur  iutn%  for  the  (jasscn^^rr  lines,  may  be  employed,  ('loeks 
ahouUi  be  placed  in  conspicuuns  posittous  for  the  use  of  the  hipial- 
men. 

fi.  I'hc  ftignal-hHudles  and  the  lever*  of  the  points  should  be 
brought  tofjrthcr  under  cover  ujwn  a  properly  constructed  siai^*, 
with  i^laa^s  side»  rncloMuj^  the  apparatus.  lliey  should  be  so 
aiTSfif(ed  that  nliile  the  signals  are  iit  danger  the  points  nhall 
be  free  to  move  ;  that  a  siji^iialtnun  ^thnll  be  unable  to  lower  a 
•i^nal  for  the  afiprouoh  of  a  train  until  after  he  has  set  the  poinls 
tn  ■  proper  direction  for  it  to  pas^ :  that  it  iihall  not  be  |H>t»!«ible  for 
him  In  exhibit  at  the  same  moment  any  two  f>i^nals  that  can  lead 
iu  B  coUis^ion  between  twotriuit%  ;  and  that,  after  having  luwerrd 
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his  signals  to  allow  a  train  to  pass,  he  shall  not  be  able  to  move 

his  points  so  as  to  cause  an  accident,  or  to  admit  of  a  collision 
between  any  two  trains.  The  facing  points  should  be  provided 
with  apparatus  which  will  ensure  the  points  being  in  their  proper 
positions  before  tlie  signals  are  lowered,  and  which  will  prevent 
the  signalman  from  shifting  the  points  whilst  a  train  is  passing 
them.  Every  signalman  should  be  able  to  see  the  arms  and  lamps 
of  his  home,  as  well  as  his  distant  signals,  and  the  working  of  his 
points.  The  fixed  lights  in  the  signal-cabins  should  be  screened 
off,  so  as  not  to  be  mistakable  during  fogs  for  the  signals  exhibited 
to  control  the  running  of  trains. 

7.  The  junctions  between  passenger  lines  and  any  sidings  should 
be  protected  by  a  home  signal  and  a  distant  signal  in  each  direction. 

8.  When  a  junction  is  situated  near  to  a  passenger  station,  or  is 
connected  with  goods  or  mineral  sidings,  the  platforms  and  sidings 
should  be  so  arranged  as  to  prevent  as  far  as  possible  any  necessity 
for  shunting  over  the  junction. 

9.  When  two  single  lines  meet,  the  junction  should,  in  ordinaiy 
cases,  be  formed  as  a  double-line  junction. 

10.  The  lines  of  railway  leading  to  the  passenger  platforms  to 
be  so  arranged  that  the  engines  shall  always  be  in  front  of  the 
|)assenger  trains  as  they  arrive  at  and  depart  from  the  station. 

11.  Platforms  to  he  continuous,  and  the  descent  at  the  ends  to 
be  by  ramps,  and  not  by  steps.  Pillars  or  columns  for  the  support 
of  roofs,  or  other  fixed  works,  not  to  be  nearer  to  the  edge  of  the 
platform  than  <)  feet. 

12.  No  station  to  be  constructed  on  a  steeper  gradient  than  1 
in  ii()0.  When  the  gradient  at  a  station  is  unavoidably  steeper, 
and  the  line  is  double,  and  when  danger  is  to  be  apprehended  from 
vehicles  running  back,  a  catch  siding,  with  points  weighted  for  the 
siding,  should  be  provided  further  down  the  incline  than  the 
passenger  platform  and  goods  yard,  to  intercept  runaway  vehicles. 
When  the  line  is  single,  a  second  line  should  be  laid  down,  a  second 
platform  constructed,  and  a  catch  siding  similarly  provided, 

13.  The  upper  surfaces  of  the  wooden  platforms,  of  bridges,  and 
viaducts,  should  be  protected  from  fire. 

14.  No  standing  work  (other  than  a  passenger  platform)  should 
be  nearer  to  the  side  of  the  widest  carriage  in  use  on  the  line  than 
2  feet  4  inches  at  any  point  between  the  level  of  2  feet  (i  inches 
above  the  rails,  and  the  level  of  the  upper  parts  of  the  highest 
carriage  doors.    This  applies  to  all  arches,  abutments,  piers,  sup- 
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rtlerR,  tunaels,  bridgef,  roofs,  m'aIIs^  posts,  tnnks,  sigiuilsj 
fences,  and  other  work*i,  and  to  all  projections  at  ttic  side  of  a 
railvaj  con<»lructed  to  any  gauge, 

Ij,  Tht  uittrvjils  between  adjacent  lines  of  rails,  or  bel^peen 
linn  of  miU  and  sidings,  should  not  be  less  than  H  feet. 

Id,  At  all  le%'eUrrosMngs  of  turnpike  and  public  roads  the  gates 
fthouki  be  60  cont»tructt:d  as  to  ctofie  across  the  TAtlway,  as  well  as 
Across  the  road,  at  each  side  of  the  crossing.  They  should  not  be 
ca|»Utc  of  being  opened  at  the  same  time  for  the  road  and  the 
railway.  Woodcu  gntt-^are  considered  preferable  to  iron  gates  for 
'u^  acmss  the  rniluiiy. 

17.  The  fixed  sij^nals  attaehed  to  the  gates  at  the  level-crossings 
■ihnuhl  be  plnced  in  rDtJvcnient  pasitiims  for  being  seen  along  the 
railway,  as  wetl  as  Jilong  the  road.  When  a  level  ci-nssing  is  so 
«jtnat«d  that  an  approaching  tnnn  cannot  be  seen  from  a  sufficient 
dinlanrc,  di^tsnt  signals  (which  may  bath  be  worked  by  one  lever) 
should  be  suppliffl. 

18.  Mtle  posts,  nrul  tpiarter  and  half  mile  po^s,  and  gradient 
should  be  provided  along  the  road. 

19*  Tunneh  should  in  all  ca^es  be  constructed  with  recesses  for 

escape  of  phitrlnyrrs. 
SO,  Viaducts  of  tinditr  and  iron  bhould  be  provided  with  mun- 
holet  and  other  fucibticH  for  inspeetion^  also  with  hand-rails  and 
with  pnijecting  platforms  for  the  proteetiou  siiul  escape  of  the 
platelayers. 


Xumcroiw  regidrttion^  :ls  to  the  strength  and  detaibi  of  con- 
ktruetion  of  wiirks  in  iron  are  Hb>o  laid  down. 


CHAPTER  III 


PKIXCIFLES  OF  CONSTRUCTEON 

Formation  of  line — Turning  the  first  sod- — Commencement  of  practical  con- 
struction— Temporary  lines — Main  divisions  of  work — Meaning  of  the  term 
*  permanent  way ' — Construction  of  earthworks — Gradients — Curves — Eleva- 
tion of  outer  rail — Steep  gradients  and  sharp  curves  on  mountain  railways — 
A  Welsh  engine-driver — Construction  of  a  cutting — Width  of  formation — 
Principal  difficulties  met  with  in  cuttings — Importance  of  drainage  of 
earthworks — Tunnels  and  tunnelling — The  formation  of  embankments — 
Settlement — Viaducts,  bridges,  and  culverts,  size  of  openings — Magnitude 
of  some  examples  of  European  and  American  railway  structures — Tunnels 
and  railway  bridges — Service  bridges  and  level  crossings — Fencing — Indian 
and  American  practice. 

formation'  The  actual  coiinnencemcnt  of  the  works  on  an  important 
the  line.  length  of  new  railway,  is  generally  considered  a  fitting  occa- 
sion for  some  public  display  of  special  satisfaction  and  rejoicing 
on  the  part  of  all  friends  and  promoters  of  the  undertaking  who 
have  successfully  pioneered  the  project  through  its  difficult 
and  dangerous  periods  of  incubation  and  parliamentary  contest, 
and  the  '  cutting  of  the  first  sod '  is  often  celebrated  with  much 
time-honoured  ceremony,  followed  by  that  liberal  consumption 
of  *  good  cheer,**  without  wliich  no  true  Anglo-Saxon  can  regard 
any  undertaking  as  properly  inaugurated.  The  interest  of 
some  distinguished  personage  of  high  degree  is  enlisted,  or 
the  services  of  the  highest  available  local  magnate  are  re- 
tained. Tlie  directors  and  their  friends  and  guests — probably 
including  all  the  leading  nobility  and  gentry  of  the  neigh- 
bourliood — duly  assemble  at  time  and  place  appointed.  A 
resplendent  wheelbarrow  and  spade  of  polished  w^ood  and 
shining  silver  is  formally  presented  by  the  chairman  to  the  dis- 
tinguished personage,  or  local  magnate,  as  the  case  may  be, 
who  is  earnestly  invited  in  a  flattering  speech  to  convert  him- 
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self— vcreinoniftlly — into  a  navvy  for  a  short  space,  Grackmsly 
a:»enting«  the  dtstitif^iiished  pei^nia^e  divests  himself  of  hitt 
oiittT  gnnia-nt,  nnd  if  very  enthirsia^tic  rolls  up  hh  shirt 
slccve*j  ami  piuii*^es  the  ctct:;aiit  and  contly  spatle  into  tJie 
virgin  turf;  the  whee!i>arrow  is  duly  iilled,  is  rolled  off  alon^ 
the  apf)ojntet[  pl:ink-u'ay+  ami  ih  gravely  overluniotl  aiuidht  the 
<'heers  of  the  a:*.sL'Ti)hlv*  The  magnate.'  retains  Mie  valuable 
implements  as  a  worthy  trrjphy  of  the  occasion*  ami  the  party 
mijuum  to  the  more  substantial  features  of  the  celebration. 
The  date  of  coiiinieneeiiKMit  of  tlie  new  railway  is  i\nt^  for  ever 
iitarLt^l  in  tlie  publie  annals  of  the  eountr^'. 

The  practical  construction  of  tht'  new  lino,  hy  the  contractor 
or  other  agency  etn}>Ujyed,  is  always  commenced  at  those  parts 
of  the  niute  where  ttie  greatest  quantity  of  wurk  has  to  Ik.* 
ifone,  and  tlic  operations  thronghont  are  taken  up  in  such 
i>nler  Ihftt  tfie  uIupIi'  tjf  the  wiirks,  or  Ihose  on  a  cirtain  de- 
tinetl  portion,  may  1k'  ct*m}>lrte<i  shnnllantHmsly.  'llie  lighter 
jKJrtions  of  the  roatl  eonntH.ting  the  hcavivst  cuHirigH  and 
rmtNinkineatN  are,  however^  at  onee  brought  to  proper  level, 
and  teni[Rtrary  linen  of  rails  are  laid  down  to  facilitate  the 
tn&mporl  of  nmlcrial  from  tlie  former  to  the  latter,  l^ibour 
and  working  pltuit  is  colUrted  at  the  sites  of  all  the  larger 
viniluct^^  liridgi's,  tunnels^  or  other  heavy  works,  and  arrtuige- 
mcnts  for  gelling  in  the  det|H"?<t  and  JtUtat  troublesimie  hri«lge 
ur  other  fnundatioas  are  rapidly  pushed  forward,  until  in  a 
very  *liort  titne  the  greater  part  of  the  route  of  the  new  line 
preMfiitit  a  Ihihv  wene  of  life  atid  activity* 

11h'  works  on  a  line  of  railway  are  ap|>ortioned  into  three 
snain  di^iAion^,  re>ptvlively  culleil,  the  *  formation '*  of  the  line, 
the  *  bnlLL<i  and  permanent  way,*  and  *  station  buildings  and 
machinery/  The  *forinutioir  level  of  a  railway  is  the  KatBhe^t 
toji  of  the  line  tpf  iMubank meats,  tfie  Ixitlom  of  cuttings  or 
tuoneU,  and  the  rtcwr  lex  el  of  viaducts  or  bridges.  Above 
tiito  It^vel  itt  placed  the  *  lud last/ and  in  and  on  the  btdlast  is 
laid  the  '  |HTmnnent  way/  eon>i>ting  of  tlie  sUvjaTs,  chairs, 
rniU,  fastenings,  pointn,  and  cn*ssingN,  in  short,  all  tht»se  mate- 
riaU  which  fonn  the  victual  rtwid  on  which  the  engincfti  aiul 
%i*hicUs  run.  The  term  •permanent*  ^iiy  serves  to  distinguish 
fhr  4-otiiplrU'd  n*iui  fnnii  (hr  '  b'tu|>omry '  lines  of  way  tisi'd  by 


252 


PUBLIC  WORKS  OF  LVDIA 


contractors  or  otliers  merely  for  carr\'ing  materials  or  fa<rilit»tin^ 
coirstruction.  It  is  oUviolb  that  thv  main  masa  of  labour  and 
umterials  is  comprised  in  tlie  first  of  these  three  divisions,  viz., 
the  " formation ' of  the  railwHy,anti  of  this  division  *eartliworks* 
form  a  very  large  item  (the  removal  of  uU  nmteriFil,  wliether 
earth,  gravel,  or  rock,  being  ineluded  in  this  term).  In  a 
vertical  direction  the  eonstruction  of  the  '  ca^tl^\^ork^  invalres 
the  formation  of  that  uniform  top  surfiwv  ^vhi<'[i  has  Locn 
planned  by  tlie  engiJieer  to  take  the  pliiee  of  the  irregular  and 
uneven  natural  surface  of  tfie  ground.  This  unitVirm  Hiirfaiv 
will  sometimes  He  alwve  the  natural  groinid  ;  sometimes  below 
it,  necessitating  here  an  embankment  or  viudiiet,  titere  a  eultlng 
or  tunnel.  When  completed,  it  will  either  Ix-  a  k'vd  surfnce,  or 
will  have  a  certain  degriv  of  regular  slope  called  a  ^gj'adieoL' 

The  traveller  by  railway  \>y  oljiiervitig  and  reading  the 
•gradient  Iroards'  affi\ed  at  intervals  along  the  Mde  of  tbf 
line  caji  always  discover  wheUier  be  is  going  up  hill  or  down 
hill,  or  along  a  level.  Thus  lie  may  see  an  arm  projecting 
forwards  from  a  low  postj  in  the  direction  be  is  travelling, 
liaving  H  sligblly  u^iward  angk*,  anil  bearing,  [RThaps,  a  sign 
1 — 350,  meaning  that  the  burface  of  the  road  is  now  riiiing 
uniformly  at  the  rate  of  one  foot  in  every  350  feel  of  disUmce. 
Presently  he  will  arrive  at  another  post,  with  anu  ]>rojecting 
tlownwarda  in  a  reverse  or  l)aekward  direction,  and  imirkeJ  in 
the  ^rae  terms,  but  on  the  other  or  for^vard  side  of  the  post 
he  will  see  anotlier  arm  in  a  horizontal  position,  indicating 
that  beginning  from  tliat  point  the  road  is  now  horizontal  or 
levels  and  so  on  at  every  place  where  the-  slope  of  tlie  artificial 
surface  or  *  gradient^  cfianges  he  will  find  it  duly  recorded  by 
the  posts  and  arms.  The  object  of  these  gradient  po»bt  is  to 
inform  the  engine-driver  of  the  nature  and  tlegriv  of  the  rood 
inclination  againj^t  fiim  or  in  his  favoiu'. 

Horizontally^  or  in  plan,  the  construction  of  railway  earth- 
works will  alwayj*  proceed  in  a  straight  line  except  at  certain 
detinite  places  where  two  straight  lines  will  be  j(»infd  tttgetber 
by  a  t'uvfc  or  curves.  There  are,  therefore,  two  important 
matters  to  he  carefully  regarded  by  tlie  engineer  innnetliiitely 
engaged  on  the  work«^  viz.,  the  correct  formation  t»f  the  surfiwx' 
'gradients,"  and  tlie  accurate  tracing  and  preM*rving  the  align- 
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t  *>f  ihc  various  stnii^lrt  k-ii^tfi-s  mid  t^urn.*s  as  exliil»tLHi  on 
Uie  plmui.  For  a  long  time  iiftor  tlu-  insi  introduction  of  niil- 
wruvs  it  wns  held  as  the  very  linst  principle  of  construction  tliiit 
the  running  surface  should  he  ovmnvliero  made  as  nearly  level  as 
^KiSNihW-— ori|^inal  outlay  bvirig  held  of  secondary  t;onsidtrHtion 
HH  compared  w  ith  the  supposed  subsequent  tTononiv  of  working, 
'ilie  uriginnl  Lrnulon  and  Binningliam  llailway,  and  in  sonic 
degree  the  Great  Wt^tem,  are  examples  of  this  mode  of  con- 
structtun.  On  the  former  line  no  gradient  exceeded  I  in  330, 
with  tho  exception  of  the  Camden  Hill  incline,  which  it  was  in- 
tended to  work,  and  wliich  for  some  years  was  actually  worked^ 
hv  a  fclationarv  enti;ine. 

It  was  conceded^  however,  after  some  experience  had  Ixijn 
ipuiied,  that  a  ocricH  of  niodenite  unduktions,  or  up-and-dou^i 
icnis  idtlioiigh  enormously  cheHpening  origuial  construc- 
'on,  do  not  n^ult  in  any  scriinis  inrrca,se  in  working  ex|xniheH; 
the  power  saved  in  the  de!*cending  portioiis  of  the  rond  coni- 
'*itinj;  in  gn^at  mcjtsurcfor  theoxcej^on  the  rising  griulients. 
Moreover,  the  enormous  improvements  in  the  capahilities  and 
jKiwcr  of  modern  hxrornotives,  permits  gratlients  to  be  now 
pted  which  a  few  years  ago  would  have  l>een  prohibitory, 
have  enjxbletl  engineers  to  carry  lines  of  railway  f)ver  di»- 
trictx  which  in  etirlior  days  would  have  licen  regarded  as  ccoiio- 
mically  impavsahk\ 

In  an  ordinary  plain  country  the  total  lenjc^h  of  curves  on  a 
line  of  ruilwny  will  generally  be  very  sniall  as  compared  with 
he  loUl  length  of  the  straight  jmrtion,  the  average  degree  of 
cunulim-  al.Ho  be  very  much  Ie>s  than  in  a  hilly  district. 
In  the  infaru'v  of  railways,  cur\'es,  unless  of  very  large  radiu^^ 
is,  of  very  gintlc  ciir\*ntiire — were  regarcknl  with  very  nnjch 
.  I'ndiT  riu-liauieutary  htanding  orders  the  nece.%sitv  for 
curvcfr  of  k^*  than  a  mile  radius  (5280  feet)  was  required  to  Ix? 
-pATHtely  inquired  into.  It  wa.s  supposed  that  the  re.'*istanw 
ertnl  by  eunnture  of  the  tine  would  l>c  excL-edingly  great,  lUid 
that  H»e  tendency  of  trains  travelling  at  high  8|»eeds  to  con- 
tinue their  motion  in  a  straight  line,  insteatl  of  following  the 
ir\ed  inu*k,  would  chum*  tlu  ui  to  len^  c  the  rails,  and  lead  to 
inevitable  diAa^ter.  Hvperinients  however,  did  not  confirm 
4httie  appreheiifiiouv    ll  wax  fmnid  thjit  the  resistiince  oflen-d 
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hy  curves  luiving  a  nidiuii  (ioMii  to  2500  feel,  or  even  lei*, 
was  hardly  apprt'ciahle  at  any  pratrticaljlc  rate  of  sjiwd.  By 
sliglitly  raising  the  level  nf  the  tuitcr  rtiil  on  curved  portion?* 
of  Uie  lini?  an  inward  iiieliiiatioii  was  pven  to  the  uiuving 
vehicles,  which  largely  counteracted  the  eeiitrifugul  force  tend* 
ing  to  cause  tliem  to  lenvcthe  rail-^jiist  as  the  l>ody  of  a  eireus 
horse  galloping  round  a  ring  will,  in  ppopcniion  to  hi»  8j>eed, 
be  strongly  inclincil  inwards  towards  tlie  eentre  of  the  curva- 
ture, Tlie  amount  of  elevation  given  to  the  outer  rail  i-^  found 
by  calculation,  and  is  dependent  on  the  rjudius  of  the  cur^'e,  t)ie 
gauge  of  the  milway,  and  the  maxiumm  speed  of  the  truin*. 
This  expedient,  comhined  with  the  lateral  play  or  .side  tuovr- 
ment  allowed  to  the  coned  wlieels — which  will  lie  more  spocialJv 
referred  to  when  we  are  speaking  of  tlie  |Termanent  way- 
imparts  to  the  vehicles  travelling  on  a  curve  a  certain  degree  of 
natural  tendency  to  move  in  a  circle,  just  as  a  euue  pliieetl  on 
its  side  will  roll  in  a  circular  path,  and  thus  the  amount  of 
resistance  and  danger  of  ]ea\ing  the  track  wjls  redueiHl  to  a 
Diinimuni,  and  the  eniployiuent  of  curves  of  much  Kuialler 
radius  than  those  formerly  allowed  was  rendered  pt>ssib\'. 

It  is  obvious  that  there  are  some  situations,  such,  f*jr 
example,  as  the  approach  to  a  terminuH,  or  to  important 
stations,  over  which  the  starting  or  arriving  trains  will  always 
be  moving  at  a  very  h>vv  rate  of  speed — where  much  xhaqier 
curves  may  vvitfi  safety  Ix'  intmduced,  than  on  midiile  .sections 
of  the  line,  travelled  over  with  great  velocity.  The  danger  of 
very  sharp  curyes  is  moreover  increased  in  proportion  wi  the 
inclinatioti  or  'gradient^  is  also  great.  Nevertheless,  in  moUR- 
tainous  districts  the  combination  of  exceedingly  iiteep  gradients 
and  very  sharp  curven  is  coimnonly  ohligatoryj  and  such  lines 
can  be  safely  worked  witlj  special  precautions  tv^  to  limitations 
of  speed,  or  by  the  help  of  auxiliary  appliances,  such,  for 
instance,  as  the  cogged  rail  employed  on  tfie  lliglit  mountain, 
near  Lucerne.  On  Aljiine  railways  «nd  in  nuuiy  of  the  mountain 
lines  in  America,  the  extent  antl  degree  of  curvature  now  safely 
worked  over  vnthout  the  use  of  extrnordinary  appliances  and  dt 
ordinary  speeds,  would  startle  the  timid  and  inexperienced  (irst 
projectors  of  railways.  In  many  of  the  more  hilly  (listricls  of 
Wales  mineral  and  passenger  lines  of  narrow  gauge  ba^     .  • 
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cmrried  in  ruid  <mt  of  the  intricate  valleys  of  tin.'  niuutrv  in  a 
manner  hruly  siiq>risin^.  'I'ho  long  trains  sometimes  double 
rouml  on  tlii'insoUoN  in  such  Ji  umtim  r  tliat  piisst'ii^-rs  frciiu  a 
wimloir  in  n  foremost  jwrt  of  a  trtuu  will  see  tho  liintU-niioAt 
portion  pass  by  tliem*  moving  in  a  direction  contrary  to  their 
own  motion.  Series  of  sluirj*  tlouble  reverse  curves  impjirt  such 
a  snnke-like  and  winding  iinpccl  to  these  truins  iis  almost  to 
warrant  the  UiUi  hyjHTbok"  of  a  certain  Welsh  engine-driver, 
who  is  asserted  to  tuive  wiid  tfmt,  one  dfirk  nipi^ht,  when  he  was 
new  to  tJie  road,  lie  Wiis  putJed  up  by  tfie  tail  daiiger-lights  of 
hi*  0W11  train. 

Having  now  given  otir  readers  flome  partienhirs  of  railwav 
^j^TwdicnU "  and  *  cur^t^""  we  may  return  to  the  earthworks  of 
our  new  line  in  counK*  of  con»tniction.  As  soon  as  the  tempo- 
nrx  line  of  rails  in  tlu)S4'  lighter  portions  of  the  mail  Unng 
Iwtwwii  the  heaviest  rnttiiigs  atui  emljankint'iits  ha^*  been  laid, 
to  that  the  material  from  the  one  may  be  trained  to  the  other^ 
gangs  of  workmen  attack  tfie  face  of  the  fiill  through  which  the 
cutting  in  to  he  carried,  and  so^ai  a  narrow  piLssage  ur  "gullet,' 
juit  wide  enough  to  nxvive  a  row  of  tip-wagons  is  formed  and 
projecletl  into  tlie  IkkIv  of  the  hilK  and  into  this  gullet  the 
tmijx»rary  line  is  prolonged.  The  *  stufl'*  frmu  the  WiUls  of  the 
frutlct  is  «howen*d  into  the  wagons,  nirn-  lying  just  alongside, 
Hi»d  OA  soon  aft  thev  an*  filled  tliev  are  led  awav.  or  arc  allowett 
tt)  run  down  by  their  own  iinpL'tus,  if  tlu*  inclitmlion  of  the  road 
i»  favmirahle,  to  the  *tip*  of  the  m-ighlHairing  eniltankmenh 

Near  the  emliankmcnt  end  of  tlie  temporary  rcMid  the  line 
fcrk*  into  two  or  more  lines,  forming  *  t^idings,"  and  tlie  wagons 
(Wvnding  or  Ivd  frt>m  the  cutting  are  run  into  one  or  other 
of  these,  and  arv  made  lo  disehnrge  themselveH  singly  over  the 
tmbankment  *  tip,'  or  it  may  he  iiiniultjnu"<>TJsly  over  tho  sides. 
In  the  meantime  n  train  of  empty  wjigons  is  hauled  by  horses 
i»r  cnginc-fKiwrr,  or  is  allowtnl  to  rim  back  lo  the  cutting ;  n 
filleil  in  its  turn,  and  again  sent  off  and  emptied  at  the 
^'mliankment,  liv  constantly  repeating  this  process  tJie  *  gullet  * 
tif  the  cutting  i*  daily  carritil  farther  and  fartlier  into  tlie  bill, 
and  the  hemi  or  *  tip'  of  the  endiankuient  is  advanced  farther 
<n»d  farther  int<>  the  valley, 

Tlu.*  *fonnation'  approachen  on  either  side  of  a  cutting,  ajid 
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in  the  greater  part  of  a  cutting  itself,  arc,  in  urdcr  to  niinimiM* 
rxcavatititi,  utarly  always  on  gome  gradient,  either  iii  i>ne  direc 
tiori  onlv,  or  in  liotli  directions.    If  thorL*  \a  aij  inchnation  in 
hoth  diix'ctimis  there  will  generally  be  a  small  intervening 
length  of  letrl^  situated  somewhere  iilnjut  tlve  middle  of  tJii" 
cutting.    In  thin  very  eonnnon  state  of  matters  work  can  con 
venieritlv  prtKVL'd  from  htith  sides  of  tlie  hill  at  the  same  time:, 
mul  the  two  gullets  are  prolonged  unt  il  they  meet  in  the  centre. 
As  the  gullet  isgradmilly  widened  out  the  teinponiry  mils  are 
pushed  over  i»o  i\h  to  bring  the  wagons  elosc  to  the  wall  of  earth, 
and  soon  there  is  room  for  a  seeon<l  hue  of  rails,  enabling  hoif 
trtLins  t>f  wagouft  to  bo  loaded  up  simiiJtaueouBly.    IJefore  long 
the  gullet — now  of  the  full  bottom  wiiUh  of  the  cutting,  bnl 
with  vertieal,  or  nenrly  vcrtieal,  sides — will  be  carried  right 
tiirough  the  bill,  and  the  work  of  forming  the  side  slopes  will 
l>e  t'omnieneed.    Lines  of  planks  and  trestles  will  }>e  forinetl, 
along  wivich  the  crowd  of  navvit"?!  trnndle  their  wheelbarrows, 
ami  discharge  the  eontents  into  the  wagons,  or  if  the  amount 
of  *  stuff"*  from  the  cutting  is  more  thjui  sufficient  to  form  the 
neighbouring  embankment,  the  surplus  material  Iuls  to  Ix*  *  put 
to  sjioil,'    In  this  cjuse,  if  the  cutting  is  very  deep,  *ruuK'  of 
planks  are  Kmnetitnes  formed  up  the  sloping  tiideN,  and  the  men 
and  barrows  are  hauled  up  the  inclinetj  pliuies  In*  ropes,  worked 
by  horiie&  from  the  ground-level  above,  and  the  fcurpluw  material 
is  deposited  on  land  ftj>ecially  provided  for  it,  clear  of  tlic 
cutting.    If,  on  the  other  hand,  the  tpiuntity  of  material  fur- 
nished by  the  cutting  ih  insulhcient  to  et^nplete  tlje  embank- 
ment, the  balance  will  either  lie  run  fnini  other  cuttings 
situated  farther  away  along  the  line,  or  it  will  be  iibtainej  from 
side-cutti  tigs,  sometimes  called  *  borrow -pits,'  dug  on  8e}.»arate 
land  alongside  the  unfmisheJ  portion  of  the  embankment 
Cases  will  uften  occur,  when  the  distance  ami  cost  of  transport- 
ing material  from  a  cutting  to  the  site  tif  tbi'  nearest  emimnk- 
ment,  or  the  small  size  of  the  banks  and  cuttings  tlieuiselvcfr 
will,  in  relation  to  the  l  alue  of  IiukI,  render  it  more  eeononiioaJ 
to  procure  afi  the  earth  for  a  bank  from  side-cuttings,  and  to 
place  all  the  material  from  a  cutting  to   spoil.*    Every  csl^ 
will  lie  lieeiLlecl  by  tlu'  engineer  acconling  to  conftidoraiionit  of 
expense  and  nipidity  of  execution. 
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Tile  vndfh  iif  tlu*  cartliworks  on  a  line  of  railway  on  ihv 
top,  or  '  forniAtiuri '  level,  will  ik-prml  upon  \*aniTig  fipciiin- 
stiUiccss  such  Rs  [\\e  minifier  of  lines  of  way,  the  gmrge  of  the 
railway,  and  the  length  of  tUv.  sK't^pers.  To  allow  airtple  space 
for  wcJe  ilntins  or  tlttthes,  the  width  in  always  greater  in  cut- 
tings than  on  embankments,  the  extra  width  tlepi.iiding  on  the 
wje  mid  partieular  kiiitl  of  side-drains  necessitated  by  local 
conditiontt  of  soil  and  tjuantity  of  water  to  he  drained  away. 

The  prineipal  iliHiculties  met  with  in  heavy  t'uHings  are  due 
to  tJic  nature  luid  inelinatton  of  the  strata  cut  through,  the 
behaviour  of  the  material  under  the  influence  nf  exposure  to 
weather  and  the  presence  of  springs.    Sonic  materials  will  not 
be  secure  fn>m  »\i  danj^r  of  slipping  at  almost  any  angle  of 
Klope«  nn<i  the  ht-avy  expense  of  ret^iinitig-walls  may  have  to  be 
rted  to.    Other  materials  retjuire  very  Hat  slopes  and  ex- 
jtive  dniiiia^'-works  before  stability  ejui  be  secured.  Alter- 
nate strata  of  sand  and  clay,  or  shale,  are  especially  dangerous 
(»r  tr<)ubU'H(jnif,  partieidarlv  if  heavilv  inclined  and  full  of  water. 
Other  materials  stand  firmly  at  slopes  of  1 J  or  S  to  1,  Hard 
clwin  rocky  strata,  altliough  expensive  to  cut  through  in  the 
first  iniitanee,  are  often  the  mo?i{  eeononiinal  in  the  long  nm 
a."*  the  nlope  uill  stand  almost  vortical,  imposing  a  smaller 
({uaiitity  of  initial  excavation,  and  little  or  no  sulisequcnt  ont- 
Iav. 

I1ie  liottom  or  *  fonnation  "  level  of  cuttings  is  generally 
made  with  a  fall  towards  each  end,  and  side  ditcht^,  either 
wtcavahnl  or  constructed  of  ninsonry^  are  formi.*d  along  the  foot 
of  Uic  ^loiH'*,  bv  means  of  which  water  in  allowed  to  drain  nway. 
Cfttch-water  drains,  es|K*eiftlly  ott  slopitig  ground,  will  also  be 
neci*»Mirv  along  the  ^iummit  level  nf  cutting*  to  cut  off  tlo<id  water 
frora  the  upper  nlope,  IVftttr,  in  fact,  is  the  one  grvat  e?ieniy 
of  cimipletcf-l  eartli works,  and  thorough  and  efficient  drainage 
i*  cvervwhcre  iui]H'mtive  to  prevent  them  from  bring  slowly 
'oni  n\*nv  ftnd  di^vsolvcil.  No  expense  spared  by  Ifu-  judiciou* 
"iljinecr  in  order  to  get  ri<l  as  tpdckly  as  poiwible  nf  all  water 
fn*m  fhe  neighlwurlinod  of  his  earthworks, 

n»e  el>^t  of  cuttings  increases  in  projjortioa  to  their  depth, 
^^nice  there  is  always  ft  certain  limit  at  which  it  becomes  more 
^KOSiomtciil  to  burrow,  or  tunnel  underground,  than  to  ctmtinuc 
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the  open  cutting.  This  limit,  although  it  will  varv  .■^oinwhiit 
^UTo^{^Illg  to  tlie  nature  of  thi>  inttterial  to  l>e  excavated,  iei  in 
ordinary  cases  found  to  lie  somt'whcro  between  60  or  TO  feet  of 
ck'ptiu  In  very  hilly  or  mouutinnous  i-ountry — uuk-^^  it  so 
hap]>eiis  that  ft  very  great  deal  of  material  is  required  for  high 
emhanknients,  which  catinot  Ik^  obtained  except  from  the  eutlingi^ 
— thiM  ecoivoiiiical  di  pth  is  usually  soon  readied,  and  tunnelling 
will  l)e  resorted  to  with  more  or  less  fretjuciu'v.  Short  tunnels 
eniTimonly  present  little  difficulty,  and  cmu  be  \iored  or  *  driven  ' 
through  a  hill  from  end  to  end  without  intenncdiate  ishafl-s 
Beyond  a  certain  length,  however^  and  in  cases  inhere  the  depth 
of  the  tunnel  below  the  natural  surface  of  tlie  ground  ia 
moderate,  it  becomes  economical  to  sink  one  or  more  .sballa,  or 
wells,  along  tlie  centre  lijie  of  the  tuimel,  from  the  l)ottoni  of 
whicli  boring  or  driving  the  tunnel  can  be  carried  on  in  ivfit 
directions.  By  this  means  the  work  is  prosecuted  with  greater 
rapidity  from  more  numerous  p4>iuts  of  departure. 

Simple  tumiclliug  through  hard  rocky  materiaLi  is  generally 
carried  on  by  blastings  either  by  gunpowder,  dynamite,  or  olhir 
explosive^  A  small  opening  or  'heading'  i*  fii>t  pierced  by 
the  miners  working  in  front,  and  olliers  following  them  gradually 
enlarge  the  opening  to  the  full  section  of  tlie  tunnel.  In  the 
softer  kinds  of  material,  liowever,  the  diflicultv  and  expense  of 
tunnelling  is  often  greatly  increased,  especially  if  considerable 
t|uantities  of  water  are  met  with.  The  whole  of  the  sides  and 
roof  of  the  tunnel  excavation  as  it  advances  will  be  shored  up, 
or  supported  by  temporary  timber  work,  atui  a  pennanent 
lining  of  stone  or  brick  masonty  of  a  strength  sntficient  to  with- 
ataiul  the  pressure  of  the  surrounding  material  will  Ik?  neccsjwiry, 
every  part  of  which  will  be  set  in  durable  cement,  to  prevent 
the  pei'colation  of  water.  Very  heavy  and  expensive  pumptn 
operations  niav  aLso  Ik'  iieeeHsary. 

In  the  formation  of  an  emfjankmeiit,  the  h>oi!e  vegetable  noil 
on  its  seat  is  fir&t  removed  ui  ortler  tJiat  a  good  *uul  !K>lid 
*  bottom  '  may  be  obtained  for  the  Inml  to  Ije  placed  u})on  it, 
and  all  rt)ot&  of  trees,  .stumpSj  brushwood,  and  other  matte 
which  might  by  decay  cause  ultimate  subsidence^  arc  carefully 
cleared  away.    The  earth,  from  llie  coinmencement,  is  deposits 
over  the  whole  width  of  the  iiitended  bank,  in  urd^  r  t*-  .Oir^rf 
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thf  iKx'i'.-*iU*  of  liny  Kub.sfi[iJoiit  laternl  juitlitianfi ;  always 
dilfk'ult  to  connect  nitli  the  orif^imil  inas?i*  Wljort'vor  surli 
additions  are  unav«>itlable  tlu'  older  work  is  cut  into  ilccp 
Irtncfu^,  or  stcjw,  to  prfvcut  the  riL*WL*r  work  from  slipping. 
The  proper  vk'vation  mid  aligntncnt  of  cniliaiikniciits  is 
^luimnttvil  hv  tlio  previous  t'lrftion  of  posts  or  hrick  pillars 
erccU'd  nt  convenient  intervulfs  along  the  trntre  line,  and  the 
comH't.  ]v\v\  of  the  top  i>f  Hie  finished  earlliwork  i.s  inurked  on 
thcw:-  pctsis  itr  pillars  ;  hut  in  rtctnal  construction  an  iidditionnl 
hci^it,  whidi  w  ill  vary  aeeordiiig  t*>  the  nature  of  the  material, 
in  alwriysii  allowed  for  the  subsequent  settlement  or  suhsidencL' 
of  tlie  niasft.  Ar  MK»n  as  tlie  roii^li  enibaiiknieiit  i.s  et>inpleted  to 
fill!  height,  and  has  been  allowed  sntfieient  time  for  setlk'ineiit 
under  the  inHuenee  of  weather  and  of  its  own  weight,  the  si<te 
filo|k'»  fire  neatly  trinnned  off,  or  inajL'  uj)  to  corixtt  seetiou. 
It  w  iipunl  to  leave  the  up|KT  surface  jsotiiewliat  above  the  true 
*fi>nnation'  levels  to  idh>w  for  any  furttier  Knl»sidcnce  that 
nniv  takt*  phu*e  under  ilie  weight  and  vibration  i>f  iUv  traffle* 
Wherever  jKJssible,  the  eompleteil  hlopes  of  both  cuttings  and 
nnlifuiknient.s  are  covered  with  g4H)d  soil  and  are  sown  with 
jfTftRs  r«hI,  or  turft'd. 

When  deep  valleys,  ri^ei**,  large  strciuns,  or  minor  water- 
courses intersect  tlu*  jUigtnneut  of  an  embankment^  tite  con- 
struction of  great  viaducts,  l>ridgt^,<)r  culverts  becomes  necessary , 
ritlxT  In  avoid  I  he  building  up  of  eiionnous  ejirthworks,  or  to 
provide  a  free  pissage  for  the  water.  Where  eni1>uiikmcuts 
mrv  high  the  smaller  culverts  an*  usually  arched  over  at  a  low 
level,  the  line  4tf  enrthworks  l»eing  continued  alH>ve  them.  In 
other  cades  tile  bridges  or  culverts  are  carried  up  nearly  to 
fonruition  k  vol,  and  the  ojK'Jiings  are  then  either  arched  over, 
or  arc  :K]«innetl  by  iM'ams  or  *  girders^  of  wrovsght  iron  or  steel, 
«iiicK  carry  the  rails.  In  this  case  a  break  oeeurs  in  the  con- 
tinuity of  thf  (*inbjuikit»ent»  juuI  the  atljoJning  ends  of  the  earth- 
work arc  protected  and  supported  by  masonry  wing  walls, 
projecting  frtmi  the  abutments  of  the  bridge  or  culvert.  Ample 
tnnr  f«»r  the  M'tting  of  the  mortnr  or  cement  umhI  in  thene 
BSflMmrv  structure's  is  always  allowed  In-fore  the  full  weight  of 
the  earthwork  in  phuvtt  u[>uu  or  iigainst  tla^m. 

'llic  carrying  of  a  line  of  milway  o*'cr  deep  gorges  or  valleys, 


lai-gL'  rivers,  or  it  iiuiv  he  iirms  of  the  sea,  in  usually  eflectcii, 
either  by  continuous  ami  often  lofty  viatlucts  of  masonry,  or  by 
niciuis  of  a  suceessiou  of  mm  or  steel  girilern.  souiehmes  of  f^rca' 
stretch  lioin  one  support  to  another.  The  girilcn*  of  hridg" 
are  supported  on  liinfionry  or  iron  abutments,  and  a  line  of  in- 
termediate piers,  so  disposed  bs  to  cover  Ilje  entire  waterway  o 
tlie  river.  The  size  of  the  individual  openings  \s  not  ii  matter 
of  arbitrary  selection,  hut  will  in  each  case  l>e  deci<Jed  l>y  the 
engineer  on  grounds  of  economy  or  necesstity.  The  most 
economieal  size  (jf  span  will  prininrily  depend  on  tlie  atst  of 
the  piers  including  their  foundations,  and  the  greater  the 
eatiniatcd  cost  of  C4>nstructing  these,  tlie  lar^T  in  onlinary 
eases  will  l>e  Ihe  size  of  tlie  girder  s}>ans  which  it  will  lir 
economical  to  a<lo)>t. 

Tunnels,  viaducts,  and  bridges  of  enonnoiis  lUiignitiuie  liii\*e 
in  i-ecent  years  been  carried  out  in  various  parts  of  the  world  iu 
connection  \vith  railways.  Evcliuling  n  few  examples  of  ex« 
eeptional  dimensions,  some  of  tlie  most  important  of  the.«c  an- 
to  be  found  on  Indian  railwiiyH,  iind  will  be  sjH'ciallv  referrcti 
to  in  some  detail  in  sul>set|uent  chapters.  In  the  ineantiuie 
it  will  l>e  of  interest  to  note  the  magnitude  of  a  few  of  the  most 
prominent  example^^  both  of  tunnels  and  railway  bridges,  which 
have  been  eonstructe*!  by  the  science  and  skill  of  railway 
engineers, 

Tlie  tunnel  carried  throngli  the  main  part  of  the  Alpine 
i-ange  at  St,  Gotbard  is  9i  niilcs  long.  It  is  situHteti  400(^  feet 
above  the  level  of  the  sea,  a  level  reached  only  by  a  series  of 
massive  and  stupendous  works,  and  \n  situated  from  a  mile  to 
two  miles  below  the  surface  of  the  mountain. 

The  Mount  Ceniw  Alpine  tunnel  is  luvirty       miles  long 
and  is  more  than  a  mile  in  depth,  wltliin  the  bowels  of  th 
earth.    Tlie  tunnel  carried  beneath  the  Severn,  between  Urislol 
and  South  Wales,  is  4^  miles  long,  including  apprtwiches.  Th 
river  or  arm  of  the  sea  lying  above  the  tunnel  h  niope  thaii 
miles  wide.    Ov^'ing  to  spiK-iul  difficulties  from  influx  of  water- 
seven  years  wt-re  occupied  iu  driving  tlie  fieading  of  this  tunnc' 
It  is  mode  for  a  double  line,  and  h  lined  throughout  witJi 
brickwork  in  cement,  from  60  to  70  Tnillions  of  bricks  havin 
lK?en  used  for  the  pur]>iK^L'. 
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'llie  tunnel  at  Stoid  Ed^t%  on  the  London  and  North- 
Wirftltrn  RniUav  is  15,705  feet,  or  nearly  3  miles  long.  The 
Khajack  tuiuiel,  on  the  north-ivt'sl:  frontier  of  India,  is  nearly 
2^  miU^  lutig*  The  tunnel  at  Branihope,  neiir  Leeds,  h  11,010 
feet,  or  mtlier  over  ^  miles  long.  TIic  above  examples  coniprise 
the  nio<t  iiii]M»rtHTit  railway  tnnnels  in  the  world. 

The  hir^e^t  existing  railway  liridf^c  is  that  over  tlie  Firth  of 
Forth.  lliiH  extraonlinary  ntrueture  has  two  enonnnus  oj>en- 
itigit^  tucJi  of  ITOO  fi^et ;  two  of  675  ft^t ;  fourteen  of  168  feet, 
and  six  of  50  fet»t-,  and  hhs  a  rlear  headway  for  navigjatunj 
aIww  high-wnttx  of  150  feet.  The  total  len^h  of  the  bridge 
is  o%'er  1  h  miles.  Tfie  l^nsidowne  Uridge  over  the  Indus  at 
i^ukkur  hius  one  niit<riii(ieent  span  of  feet,  a!id  three  of 
wnallcr  dimensions.  In  Anieriea  the  Great  Intermttional  Hail- 
UTAjT  *u»pen!iion  hnd^^e,  spans  the  Niagara  River  by  a  single 
Ibpriung  of  H(K)  feet  fn>in  lower  to  tower^  and  the  rtiils  are  J^oO 
feet  aliove  the  surface  of  the  river.  The  Cincinnati  Bridge  has 
a  clmr  ojM-ning  of  515  fivt. 

Th<?  eentnil  pier  of  tlie  Bntatulia  tubular  bridge  over  the 
Mrnai  Straits  is  *i!iO  feet  high^  the  shore  abutments  being  e*u'h 
over  IGO  feet,  U  luw  four  large  openings^  Ihone  in  tlie  eentre 
binn;;  of  Mi<>  ftvl  dear  sj)an. 

Hie  new  viaduct  over  the  Firtb  of  Tay  i^  })rol>ably  the 
kmgcxt  railway  %-iaduct  in  the  world  over  eontinuoLis  wnter.  It 
is  no  le**  thttji  ^  niiU's  in  K-ngth,  eonsisting  of  K()  i>|KningH  of 
T«rioux  kinds,  frrmi  5(>  to  feet,  of  whieli  thirteen  are  large 
^saiiA  of  245  and  ^327  fotrt  eacli,  carried  at  a  height  of  141 J 
tvd  aImiw  the  lowest  foumhition^  and  77  ftrt  alKive  high-water 
in  t}w  Firth.  The  Salta.sh  Uri^lge  over  tJic  Taniar,  near 
Flyniouth,  eonM?*ts  of  nineteen  spans,  sevruteen  of  whivh  are 
anmll,  but  the  remaining  two,  span  the  main  river  in  two 
<lpcning^  of  455  feet  eaeh.    "I'he  liei^^lit  from  the  fouuilatton  to 

1  nil  being  26<>  f<vt.  The  Ilawkeshury  Bridge  in  New  South 
^  l%an  fteven  Mpann,  each  of  41  (i  ivvi. 

Aurh  on*  the  foruiidahle  dirnenjiions  /iltained  by  a  few  of  the 
pniici|ml  «tnicture»  that  have  lieen  retjuinni  to  reduce  the 
natund  inetpjidit  iin  of  I  hi*  enrlirs  surface,  and  create  that 
imifonn  *  formation  ^-kvvl  recjuinite  for  the  purposen  of  a  line  of 
nil  way. 
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Along  its  course,  especially  in  thickly-populated  districts,  it 
becomes  necessary  to  provide  for  frequent  cross-communication 
from  one  side  to  the  other  of  that  enclosed  strip  of  land  occu- 
pied by  a  railway.   Public  and  private  roads  of  all  kinds  will  be 
carried  across  the  line  by  means  of  service-bridges,  passing 
cither  over  it  or  under  it,  and  these  works  are  often  very 
numerous  and  costly.    In  veiy  flat  country,  where  the  level  of 
the  rails  and  the  surface  of  the  roads  will  commonly  be  more  or 
less  coincident,  the  construction  of  such  bridges  involves  an 
extensive  series  of  embankments,  or  cuttings,  either  for  the  road 
or  the  railway,  in  order  that  one  may  be  made  to  pass  over  or* 
under  the  other.    In  such  cases,  unless  the  road  be  of  aik. 
important  character,    level-crossings  "*  are  resorted  to.  Gates 
are  provided,  which  close  alternatively  across  the  road,  or  across- 
the  railway,  as  required,  and  an  attendant  or  gate-keeper  is 
maintained  in  constant  charge  of  these  gates;  a  small  house 
being  built  alongside  for  his  accommodation.    The  ordinary 
position  of  the  gates  is  across  the  line  of  railway,  leaving  the 
ordinary  road  free  for  public  traffic,  but  when  any  train  is  due 
their  position  is  reversed  until  the  train  has  passed.  Some- 
times the  gates  of  a  level-crossing  are  mechanically  connected 
with  signals  which,  actuated  by  the  movement  of  the  gates 
themselves,  either  remain  at  danger  or  allow  the  train  to  pro- 
ceed, according  as  the  gates  arc  either  closed  or  open  for  the 
passage  of  the  train.    In  some  cases,  especially  in  the  neigh- 
bourhood of  stations,  the  movements  of  tlie  gates  are  controlled 
by  a  lever  worked  from  a  '  signal-box,**  and  are  mechanically 
connected,  or  as  it  is  called,  *  locked,'  with  the  ordinary  station, 
or  special  signals. 

Both  sides  of  a  line  of  railway,  unless  very  exceptionally  cir- 
cumstanced, are  commonly  provided  with  some  form  of  fencing, 
in  order  to  prevent  accidents  from  the  straying  of  cattle  on  the 
line  of  raib,  and  to  reduce  tlie  danger  and  opportunities  of 
trespass  offered  to  the  general  public.  Fences  are  of  all  kinds, 
such  as  an  ordinary  ditch  and  bank»  the  latter  sometimes 
planted.  Posts  and  rails  of  wood,  thick  live  hedges ;  fences  of 
iron  wire,  and  stone-walls  laid  dry  or  otherwise.  In  India,  but 
more  especially  in  America,  railway  lines  are,  however,  some* 
times  more  or  less  completely  unfenced,  and  in  the  latter 
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country  not  only  in  thinly-populated  districts,  but  also  in  the 
neighbourhood  of  towns  and  villages.  The  people  are  warned 
to  keep  out  of  the  way  of  the  trains  by  the  continuous  clanging 
of  the  engine-bell,  and  stray  cattle  are  promptly  removed  firom 
the  track  by  the  peremptory  action  of  the  ^  cow-catcher/  placed 
ftt  the  head  of  the  engine. 


CHAPTER  IV 


CONSTRUCnOX  OF  LINE  *  PERMANENT  WAY  ' 

Permanent  way— Ballast— Gauge  of  railways— English  '  standard '  gangie — Ei- 
amples  of  gauges  of  different  a>antries — Wheel  flanges — '  Clcazance '  and 
coning  of  wheels — Design  of  permanent  way — Rigidity  and  elasticity — 
Early  use  of  stone  bloclcs— Sleepers  and  their  object— Kinds  of  sleepers- 
Cross  and  longitudinal— Preservation  of  wood  sleepers — Metal  sleepers 
— Sectional  forms  of  rails— Double-headed  and  flat-footed — Bull-headed 
irreversible  rail — Increase  of  weight  of  rails — Railway  chairs  and  keya— 
Spikes  and  trenails — Design  of  railway  chairs — ^Tread  of  vehicle  wheels — 
Inclination  of  rails — Flat-footed  rails  and  fiistenings — Length  of  rails — 
Fish-joints — Contraction  and  expansion — Check  rails — Sidings — Cross-over 
roads — Switches  and  crossings — Facing  and  trailing  points — Locking  of 
switches. 

srmanent  As  soon  as  the  whole,  or  any  sufficient  length  of  a  new  line  of 
'y-  railway  has  been  completed  to  '  formation  level,  and  the  earth- 

works have  l)een  allowed  sufficient  time  to  settle  and  become 
firm,  the  laying  of  the  ' permanent  way"" — or  the  actual  road 
on  which  the  trains  run — commences.  This  road,  or  line  of 
way,  consists  of  continuous  pairs  of  end-connected  rails,  secured 
at  a  certain  distance  apart  from  each  other  by  suitable  fasten- 
ings to  some  fonn  of '  sleepers  **  placed  at  close  intervals,  and 
imbedded  in  a  mass  of  ballast  laid  on  the  formation  surface 
of  the  railway.  '  Ballast,""  which  is  usually  considered  part  of 
the  permanent  M'ay,  and  is,  in  fact,  its  foundation,  is  composed 
of  a  variety  of  hard  unfriable  materials,  such  as  broken  stone, 
clean  gravel,  sea  shingle  or  pebbles,  and  slag  from  blast  furnaces. 
Hard-burnt  brick  and  sand  are  also  in  cases  of  necessity  some- 
times used  for  ballast,  but  are  inferior.  Tlie  main  desiderata 
of  good  ballast  are,  that  it  should  be  entirely  free  from  all 
substances  which  are  soluble  and  liable  to  disintegrate  under 
the  action  of  water,  that  the  particles  of  which  it  is  composed 
should  be  of  such  size  and  hardness  as  not  to  crush  or  break 
up  under  the  weight  and  impact  of  heavy  blows,  and  that  at 
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the  Mine  time  they  should  not  be  light  enough  to  hv  uiovfil 
or  lifted  hy  the  vibration  or  wind  created  by  passing  trains. 

'Flu'  height  fnvn  ff>rmution  lervl  to  tliL'  top  oF  the  mils  oji 
<*in  bank  men  tH  ij>  usually  two  feet.  In  cuttings  it  is  sometimes 
nioiv+  in  order  to  allow  a  greater  depth  of  IjiilhiHt  below  the 
vKn^fH  TH  for  efficient  drainage.  The  thickness  of  the  ballast 
below  tJie  Ikfttoiii  of  the  sleepers  is  eoinniordy  one  fot>t,  and 
it  fj*jx'ciftlly  important  that  this  portion  of  it  should  be  of 
the  hardest  material.  It  18  also  considered  better  that  it  shonUl 
brokt  II  or  racR'enetl  to  a  larger  general  si/e  than  that  used 
fur  tlie  upper  portion,  so  that  it  jnay  allow  rain-water  to  rapidly 
drain  away  fnnii  it.  A  medium  and  unifonn  si/e  lx>th  for  the 
U|>|K*r  ami  lower  ballast  is,  however,  ofleu  employed.  The 
iippcr  Iwllast  reaches  the  level  of  the  under  side  of  tbc  raiLs* 
\  it  i«  usually  tliiekened  towardij  the  centre  between  them, 
aft  to  liglitly  cover  the  top  K\irface  of  tlie  slct'iHMii,  which  if 
of  wockI  are  tberebv  }>n>teeted  fnmi  tire,  which  is  sometimes 
dropped  from  the  entwine  t'urnuces.  In  cases  where  the  rails 
Ape  swppurtrJ  on  ebuira,  and  are  fi\rd  hv  keys — e,*i[M'cijdIy  of 
wood — tlie  top  liallafit  is  ;dso  packed  round  the  latter,  and 
MfTveit  lo  protect  them  from  slmnking  and  loo^euing  uiuler  the 
hi»t  of  tbc  sun.  Tlie  width  of  the  bdliu.t  on  tla-  n|>]HT  sur- 
fiwe  j^'iiendly  extemls  about  18  inches  l^eyond  the  endj<  of  the 


*  Fig.  1. 


rlLIHA^tkhl   WAV  tH  lIUTtINC* 


4««eperH — which  may  vary  in  length  acconling  to  gauge— 4jn 
rach  nidc,  nml  the  »ide><  tenninate  in  >!lo|k-*t  nf  I  to  1.  In 
cuttings  »**i^t?  widlh,  the  sitle*  of  the  Iwillast  arc  often  re- 
tailM-d  i*ithin  two  vertical  walK  of  dry  [im  kinl  stone.  Figs*  1 
And  i!  rt'pri'sent  ?iii.*ctitina  of  raiUav  pennnnent  wav  of  English 
stAndanl  gaiigis  aritt  will  Ik*  usi-ful  to  refer  to. 
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The  'gauge**  of  a  railway  is  the  exact  distance  apart  at 
which  the  inside  edges  of  the  top  platform  of  rails  are  set  by 
an  iron  instrument,  commonly  employed  for  the  purpose,  called 
a  '  gauge,^  and  a  variety  of  such  gauges  have  been  adopted  in 
various  parts  of  the  world.  Some  uniform  width  between  the 
rails,  however,  is  almost  universally  adhered  to  over  large 
systems  of  connected  lines,  so  as  to  avoid  the  many  incon- 
veniences resulting  from  a  break  in  continuity.  The  standard 
gauge  of  railways  in  England  is  4  feet  8|  inches,  but  a  few 
lines  of  narrower  gauge  occur  in  the  hilly  districts  of  Wales, 
or  have  been  employed  in  other  places  under  special  local 
conditions.  A  large  portion  of  one  important  railway  system, 
viz.,  tlie  *  Great  Western,'*  was  origincdly  constructed  at  the 
l)road  gauge  of  7  feet,  but  this  has  now  been  changed  to 
the  standard  width.  The  English  standard  gauge  of  4  feet 
8^  inches  is  used  to  a  greater  or  less  extent  almost  all  over  the 
world.  Tlie  most  important  exceptions  are  India  and  Ceylon, 
where  the  principal  gauges  employed  are  5  feet  6  inches  and 
1  metre  (or  3  feet  3f  inches).  Spain,  Portugal,  Brazil,  and 
Chili  also  employ  almost  entirely  the  5  feet  6  inch  gauge. 
Ireland,  New  Zealand,  Victoria,  and  South  Australia  have 
decided  in  favour  of  5  feet  3  inches ;  and  Russia  is  practically 
the  exclusive  possessor  of  a  5-foot  gauge.  Tlie  United  States 
of  America  have  indulged  in  a  great  variety,  from  8  feet  down 
to  3  feet — the  English  standard  gauge  being  included  amongst 
tiicni ;  Japan,  Ttusniania,  Cape  Colonies,  Queensland,  and  to 
a  great  extent  Norway,  have  remained  constant  to  a  3  feet 
6  inches  gauge. 

Each  pair  of  vehicle  wheels  are  provided  with  projecting 
Hanges  running  inside  the  rails,  so  as  to  keep  the  vehicles  from 
leaving  the  track  ;  but  the  distance  apart  of  these  flanges  is  not 
made  so  as  to  exactly  or  tightly  fit  the  gauge,  but  is  usually 
about  one  inch  less,  allowing  what  is  called  a  '  clearance.''  On 
curves  also  the  gauge  itself  is,  in  practice,  made  somewhat  full, 
so  as  to  permit  a  still  greater  lateral  play  or  side  movement  of 
the  wheels.  The  wheels  of  railway  vehicles  are  rigidly  attached 
to  their  axles,  which  revolve  with  them,  and  moreover  all  the 
axles  of  one  vehicle  are  usually  fixed  rigidly  parallel  to  each 
other.    The  outer  rail  of  a  curve  is  obviously  longer  than  the 
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inner  rail,  ]iencc\  to  nvoid  aii  excessive  dragging  and  grindiug 
iftcticm  of  the  whwls  ii^uhist  the  rail^^  it  is  desirnble  that  some 
provi«,ion  should  he  imide  to  cnnhlo  tht*  t>utor  whci'ls  on  curves 
lo  Intvi'l  ov<T  the  pjmiter  di>.himv  in  thu  siuiR'  tinif  a.s  the  iimer 
whceLn  lake  to  tnivel  over  iJie  ltrssn?r  distance.  It  is  attempted 
to  effixrt  this  hy  slightly  coning  the  treads  of  the  wheels  (roui 
the  flan^-ti  towards  the  uliUt  t^clges,  T<>  a  certuin  extent,  in 
conseviuencc  uf  this  eoning  and  the  tendency  uf  tlie  vehicles 
to  pi»ceed  in  a  straight  line  and  press  a^ninst  the  otder  rail, 
Uit?  exterior  wJieeLs  on  curvi'd  portions  of  the  n»Ml  thi  rim  on 
A  i^lightly  larger  diameter  than  do  the  inner  wheels^  and  tiius 
advance  a  greater  distance  at  eacli  iwohition  of  the  axle ;  hut 
thf  ohjirt  in  view  is  vltv  iinperfeitlv  realised  in  priw*tice,  and 
tbc  inner  edgi-s  of  the  rniU  on  curves  are  always  suhject  to 
iiiueh  ahrasioTi.  Nevt'rUiole^,  a  j>air  of  wheels,  one  of  whieli 
is  ill  any  (h'grec  largtT  than  tht*  (*UK'r,  if  rigidly  joined  hy  an 
""xle,  will  tend  to  roll  in  a  eirciilrtr  path,  henee  the  eoning  of 
the  wluvU  Is^  of  some  value  in  rediieing  resistance  on  cu^^'e^i, 
and  in  uentralihiug  the  tendency  of  the  vehicles  to  leave  the 
tnck. 

In  designing  the  pennanejit  way  of  a  line  of  railway,  it  is 
tlecl'!l!alr^'  tu  /iscvrtain  what  are  the  severest  ordinary  and  extra- 
onliimrv  strains,  laith  vertical  anit  lateral,  to  wlitch  eacli  of 
the  eom]K>nent  partw  of  the  line  of  wav  may  l>e  subjected,  and 
tu  inijKirt  to  each  of  thew  a  strength  and  solidity  nioiv  than 
luiliicient  to  wilhsland  such  strains.  At  the  same  time,  a  ct'rtain 
dcgnv  of  Hexihility  and  elasticity  must  Ik*  pi'nnitted  to  the 
hoir  |K*nnanent  wav,  so  ttiat  it  uiav  ^ield  a  tittle  to  the 
in  owler  t(»  KTiire  freedom  from  jar  ntal  liardness, 
allow  the  vi'hicle-s  to  run  wilh  eam*  and  pleaisiuitiiess  of 
4botk»u. 

It  will  [u>t  Ik*  necesjvarv  to  tietain  the  reader  with  any 
minute  lu'cotuvt  <>f  the  van'ous  component  J»arts  of  the  jH-r- 
umnent  way«  which,  in  addition  to  tlie  luilhu^t  already  fifKfken 
-if,  rc)fwi>1  uf  Ihe  HitvjjeiM,  the  r^iiU,  with  uttaclmients  and 
HisttnnagH^  and  the  points  and  cros^sings.  In  the  early  djux 
of  railways  it  wa«  supj^o^d  that  the  |KTmanent  way  could 
not  Imt  nuule  tcKi  rigid,  and  in  t»nk'r  to  sitiire  thi;*  ngtiiily 
1i«^vv  hhn'kh  of  stone  were  eniplove(i  in  [)latv  of  the  ebistic 
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wootl  or  iroti  &1ee|)ers  now  universally  iiAcd.  These  blocks 
were  aliout  two  feet  Hquare  and  one  foot  thick;  cm  each  of 
them  ft  c'i\5t-iron  cliair  or  seat  for  the  mil,  was  attached  bv 
wooden  trenaib,  dri\en  into  holes  previously  ))rc]iaivd  in  the 
stones.  They  were  plaeeil  under  eaeh  mil  at  a  distance  apart  of 
al>out  three  feet  On  the  original  London  and  Binnin^haui 
Railway  upwards  of  150,000  tons  weiglit  of  s*t"ue  bKx'ks  werv 
laid  down,  all  of  which  had  to  lie  removed,  owiri^  to  the  hnrd- 
ness  and  want  of  elastieity  in  the  road,  and  the  consequent 
severe  wear  and  tear  imposed  on  the  veliicles;.  The  oliject  of 
a  sleeper  is  to  support  the  rails  and  distrihute  the  load  carried 
over  a  considerahle  surface  of  the  ballast.  Lxee]>t  in  coontrie* 
whei'^  wood  is  either  very  expenBive  or  ia  espetially  liable  to 
rapid  decay,  or  other  injtirv,  wootlen  sleepers  are  now  almost 
iiniversidly  employed.  For  the  standard  English  gauge  they 
are  made  9  feet  long  and  rectangular  in  section,  viz.,  10  inche> 
wide  and  5  inulies  thick,  aUiioiigli  lialf  roiint!,  and  other 
Elections  aj'e  oc'casionallv  used.  In  Kurope,  s|ee|)cr?»  are  coni- 
inonly  made  from  Dantzic  or  Meniel  fir,  pitch  )>ine,  and 
occasionally  oak.  In  India^  for  the  5  foot  li  inch  gauge,  the 
sleepers  are  10  feet  lonjjf  and  12  inches  by  6  inches  in  section, 
and  teak,  oak,  &al,  and  other  hard  wootia  are  more  generally 
eniploved,  as  well  as  a  large  proportion  of  metal  sleepers, 
either  of  cast-iron,  wrought-iron,  or  steel.  In  the  cjise  of 
raetal  Klee|x^rs,  tJie  chairs  or  seats  on  which  the  niils  reiil 
nearly  always  form  a  part  of  the  main  bfwiv  of  sleeper 

Sleepers  ai-e  of  two  ])rinclpal  varicticft,  viz.,  either  '  cross,* 
that  is,  placed  at  a  certain  ilistance  apart,  at  right  anglest  to 
the  rail-s  in  which  case  they  also  serve  to  keep  the  nuU  in 
gauge;  or  ^longitudinal" — that  is.  placed  in  a  continuous  line 
under  the  rails,  when,  in  order  in  preserve  the  gauge,  transoiiu 
an^l  boltn,  eoimeeling  at  intervals  each  line  of  hlee|K'r,Hre  neces- 
sary.  Longitudinal  j^leejK'rs  reipitre  to  be  of  larger  section 
than  cross  sleepers,  and  necessitate  the  use,  econonitcall^? 
sjwaking,  of  the  tlat-fot4ed  form  of  rail.  Owing  to  the  rail- 
foot  lying  ])arftUel  with  the  Hl)re  of  the  wood,  continuouit 
packing  pieces  of  wood,  with  the  fibre  at  right  angles  to  the 
rail  ajid  slc-oper,  are  rei|uire«l.  Ix>ngitudinal  sleepers  are  aUit 
only  eeonoinicjd  on  bn<*s  of  very  wide  gauge.    Kails  lai(?  on 
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Ihcm  make  a  wry  easy  aiul  smooth  road ;  but  the  amiiigenient 
i«  uUi'mltnl  with  some  inftHivcniciKvs  in  maintennnce,  besides 
Uaviii^  t)tlKT  ilis;ulvnnt(i«3;<.*v,  and  notwithstanding  that  ti  lio;litcr 
mil  can  Ik*  iiM.'d  to  i\o  the  siinvf  work,  is — for  the  namiwcr 
gtiugfs — exjxTwivt- ;  hvtiw  longitudinHl  slt-qiers  have  pmctiniUy 
lx?en  ahnost  abandoned.  *CroHs''  HleejuN's  an*  |dacet]  nt  ri^ht 
iiiifjifw  to  tlic  axis  t)f  the  road,  at  a  distnru't*  apart  var\in^ 
according  to  thi«  wcit^ht  and  ^tron^th  of  the  rails,  A  common 
Jjitance  i<^ntioiit  t^  il-et  from  ct'titir  to  etntre,  and  2  f^vt  at  tlie 
plan's  when*  mil*joints  oct'iir.  If  i)!^'^!  niueli  closer  than  tins 
it  l>econies  difKrult  to  projierly  pack  the  Imlla^  under  them. 
In  orch'r  to  pn-stTve  fileepers  nuule  frfmi  the  softer  kinds  of  wnod 
from  premature  deeity,  they  are  often  subjected  to  ehemieal 
trmtnicnt,  the  preservative  eoniposition  empkiyed  being  forcett 
into  the  |w>re*i  of  the  wood  by  enonnous  pressure.  Cast-iron  \h*\\] 
or*  ji-s  I  hey  are  falleih  *  pot''  sleepers^  consist  of  a  pair  of  round 
or  oval  bowl**,  or  '  pots  ^  of  cast-irotij  eonneeted  together  by  a  bar 
of  u*niught-iron  ])aKsin^  tlirough  them,  ami  secured  at  a  prf>per 
dbtance  apart  hy  keys.  Jaws  formintr  a  seat  or  *  thair  *  for 
the  mil  are  cast  on  tlie  top  of  the  rounded  liowls,  int«) 
whieh  the  rail*  are  fi\e(J  by  wmni  or  nu'tnl  tajK*r  wedgt^s.  Most 
fonns  of  metid  sleepers  atx^  nuieh  the  wune  in  general  features, 
although  vnrying  in  detail  to  suit  the  nature  of  the  metal 
cinpK»yeiL 

The  Hi.*ctioiial  forms  of  rails  anti  thi'  detiiils  of  ftvitenings  of 
pcmionent  way,  have  exerci!4ed  the  ingenuity  of  more  inventors, 
iUid  have  lat-n  the  enn*<e  of  more  eontn*versv  among  practical 
cngincen*  than  any  cvther  ^nbji'ct  that  could  la*  nametl.  So 
fgrvat  are  the  ninltitudinouB  varieties  which  liavo  la»en  intro- 
nccxl,  that  it  windd  not  now  a]>pear  |x>ssible  to  deviise  any 
Uipd  arrangement.  The  eliminativi'  tM'k'ctitm  itf  expen4_'iicc 
ha*  however  re?*ulteci  in  the  *  survival  of  the  fittest/ aiid,  prac- 
ticaliy  speaking,  rails  now  uh-^I  nn.*  eonJincd  to  Uvn  iftmernl 
type*,  viz,,  the  I  or  double-heacJed  rail,  and  tlieMiH*]  tlat-footetl 
mil.  As  regfinl*  nmteria!,  the  caiit'inm  rails  used  on  the  carlv 
trnmnvidA  were  s«M>n  e\changt*d  for  tlmst*  of  wrought-inm, 
which  in  ihrir  turn  have  since  giveji  place  to  the  more  durable 
•ted, 

TIk-  I,  or  ilouble-heat!  section  of  rail  wan  originally  made — 
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and  is  still  often  used — with  two  equal  bulbs,  above  and  below, 
the  intention  being  when  one  head  was  worn  out  by  the  tra^ 
to  reverse  the  rail  and  utilise  the  other  head.  ITiis  form  of 
rail  however,  having  no  foot,  requires  both  vertical  and  hori- 
zontal support.    To  supply  this  support,  seats,  or  as  they  are 
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appropriately  called,  ^  chairs,"*  to  hold  the  rail  were  introduced, 
but  it  was  found  that  the  under-side  of  the  rails  were  apt  to  be 
worn  into  hollows  or  indentures  at  the  points  where  they 
rested  on  the  chairs,  and  were  thus  rendered  more  or  less  un- 
suitable for  reversing.  The  chairs  were  in  consequence 
graduaUy  increased  in  size  and  area  so  as  to  afford  a  larger 
l>earing  surface  to  the  rail ;  but  owing  to  this  increase  of  weight 
it  soon  became  cheaper  to  give  up  the  idea  of  reversing  the 
rails  altogether.  Tlie  surplus  material  in  the  lower  bulb  of 
the  rail  was  therefore  reduced,  and  transferred  to  the  upper  or 
wearing  bulb,  which  was  thus  greatly  enlarged,  resulting  in  the 
economical,  and  now  common  form  of  the  '  bull '  or  bulb- 
headed  irreversible  rail. 

The  continuous  increase  in  the  power  and  weight  of  loco- 
motives has  gradually  led  to  a  corresponding  increase  in  the 
size  and  weight  of  rails  necessary  to  withstand  the  increased 
loads,  and  wear  and  tear  to  which  they  are  subjected.  On  the 
original  Liveqiool  and  Manchester  Railway  the  rails  weighed 
onlv  35  lbs,  per  yard  of  length,  but  the  increasing  weight  of 
the  engines  soon  obliged  the  directors  to  renew  the  road  with 
rails  weighing  60  lbs.  per  yard,  and  at  the  present  day  steel 
rails  weighing  75  and  up  to  100  lbs.  per  yard  are  frequently  used. 
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'  t  buin* '  lor  Aiipportiiig  Ihv  I  tn  tloiiMe-litvuli'tl  foriTi  of  rails 
:  usually  made  of  caftt-imn,  and  Utivc  grarhmlly  increased  in 
l^t-ifjlit  fnmi  30  U)s.  Xtt  50  lbs,  vat:h,  'Hie  jaws  anil  st-at  tjf  n 
chair  tu\*  nmdf  nf  n  form  to  fit  the  outlineK  of  i\u*  mil.  with  n 
ji-pHce  Iffl  on  om-  s\t\c — *;i*ntTally  the  inmk—for  the  insiTtion 
nf  n  taper  wid^e  of  wuoil  or  nvotnl  ftilk^d  a  *  kfy/  uhirli,  driven 
(inuly  ill  Ivlween  the  rail  mid  tlif  juw  of  tht*  diair,  pn-UMits  all 
tatcml  or  vertical  iiiovt^nient  under  the  netioii  of  tlK*  trufKc, 
Thic  chairst  are  proxiilod  witli  two  or  four  hoU*?;,  tJu'ouirh  ivhich 
iron  epiki%  and  hnnl-wtMtd  trennils  an^  flriuMi  to  st^-ure  t[ieni  to 
the  iip]M-r  Hurfacc  of  the  ftleejx-rs. 

In  e\erv  niilf  of  sini^le  line,  jdUnviri^  1)  sitvpers  to  L'VtTy  mil 
of  tJO  feet  iji  length,  there  w  ill  lie  ^1()8  chaii-s,  and  the  diil'er- 
enre  of  one  ouncr  tn  the  wviglit  of  n  single  cliair  will  ineun 
about  one  ton  in  every  11  miles  of  road,  or  neaciv  18  tons  in 
every  UK)  miles  {»f  ifouhle  traek.  It  is,  Iheivfore,  of  stnuf  voii- 
>c*«|uetice  tliat  a  railway  chair  nhnuld  not  contain  in  any  detail 
of  ib^slnictore,  everj  a  single  ounce  of  metiU  more  than  suffieient 
for  its  exact  nires.si*rv  striMigth.  Sueeessive  designeis  of  mW- 
wayclLairH  have  therefore  keenly  and  narroivly  scrulini.setl  every 
fcAture  of  their  outline,  nn<l  wherever  a  particle  of  metal  more 
tlum  wifKrient  for  the  exact  necessary  .stivn^h  could  he  spared, 
it  haft  been  ruthlessly  shorn  off  and  suppressed.  Hiey  had 
nothing  in  their  miiuls  hul  rigid  eeoncnny  and  the  (strictest 
utility,  hut  the  altt>;;etlnT  ntiinti'ndcd  rL^sult  has  Invn  the  pro- 
ductiuij  of  a  wry  gnu'cful  and  pleasing  outline,  esju-cially  in  the 
cnf-c  of  single  chair%  for  the  lighter  forms  uf  niiK  where  the 
pnnriple  of  strict  M*rvicenhleness  and  ecouonjy  <'f  n»aterinl  hits 
been  |>ennilted  to  aissumv  its  fullest  expression  :  so  tnie  it  is 
tluit  pure  art  t)iitlinihi  arc  er  tlu*  result  of  tin*  scvert^t  liitnpli- 
citv  and  the  aliM'tuv  of  all  redniuiancy.  Hiere  are  proUddv 
few  objects  that  serve  iK'tler  to  illu«(tmte  this  ini|Kjrt4int  truth 
than  the  coinntou  railwav  chair  of  our  permanent  wav- 

\\\*  \icK\v  idrtjuiy  tntiitioned  that  the  flnt  portion  or  'tread' 
of  the  wliivlh  of  railway  vehicles  are  not  Iiori/outid  cylinders, 
bul  slightly  coiuhI  ontwardn.  In  order  that  such  uhcvl- 
tmuls  may  Ixvir  evenly  on  ttic  u]>{ht  ^urfa(v  tif  (la*  raiU  it  is 
ohvimtft  that  the  latter  ought  not  tr>  Ik'  horiirontal  either,  but 
should  be  «Ughtly  inclinetl  inwanls.    It  U  found  convenient  to 
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effect  this  by  tilting  the  whole  rail,  which  is  readUy  done  by 
inclining  that  portion  of  the  chair-Beats  on  which  the  rails  rest, 
and  in  this  manner  the  upper  surface  of  the  rail-head  is  made 
to  lie  true  to  the  inclination  of  the  coned  wheels. 

The  flat-footed  form  of  rail  is  made  with  the  usual  rounded 
top  bulb,  but  with  a  broad  base  or  foot,  5  inches  or  5}  inches 


FLAT-FOOTED  RAII. 


wide.  It  is,  of  course,  not  intended  to  be  reversible,  and  as 
these  rails  do  not  require  lateral  support,  chairs  are  not  strictly 
required.  The  London,  Chatham,  and  Dover  Railway  adopted 
a  flat-footed  form  of  rail,  supported  on  low  cast-iron  chairs,  the 
object  in  this  case  being  to  distribute  the  weight  over  a  larger 
area  of  the  sleepers.  The  arrangement  in  the  case  of  this  line 
has  been  since  superseded  by  the  employment  of  the  double- 
headed  rail  tuid  ordinary  chairs.  Generally  speaking,  however, 
flat-footed  rails  are  seated  directly  on  the  sleepers,  and  to  give 
them  the  necessary  inward  inclination  the  upper  surfaces  of  the 
cross-sleepers  are  adzed  to  the  extent  required.  This  form  of 
rail  has  great  lateral  stifliiess,  enabling  it  to  resist  the  outward 
thrust  of  the  wheels,  and  has,  moreover,  no  deficiency  of  vertical 
strength.  The  bearing  area  on  a  cross-sleeper  10  inches  wide 
will  be  as  much  as  50  to  60  square  inches,  and  the  rail-foot  lies 
across  it  at  right  angles  to  the  fibre  of  the  wood.  Although 
this  l>earing  area  is  less  tliaii  that  of  the  larger  chairs  now  used 
— principally  to  prevent  the  under  side  of  double-headed  rails 
from  being  damaged — it  is  found  sufficient  in  ordinary  cases 
to  prevent  any  crushing  of  the  harder  woods,  whilst  in  the 
case  of  the  softer  kinds  of  sleepers,  *  bearing  plates'  of  wrought- 
iron  are  often  introduced  between  tlie  foot  of  the  rail  and  the 
sleeper. 
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'Vhv  chief  tk'tV»ct  of  the  llat -footed  form  of  rail — used,  as  it 
^ncrally  without  cImirH — tis  ennifiarfd  witli  the  douhle- 
hfmli'tl  ohniriHl  mil,  is  ftniiul  in  tlio  rchttivf  iithtfiiritv  of  tlif 
fastcmi)jj>>  WhiTt*  hrst  tMiiphiveJ  thcst*  mils  wtTL*  spikinl  or 
bolt^rd  til  tht'  Hltvp**r8  throngli  liolcs  lK>rL'd  througli  thu  foot  of 
tho  mil,  hut  this  «'.i.s  foimfl  inciinvf  rjiLTit,  not  oniv  fv.s  too  ri^i^iillv 
ilttcniiitiiiii;  Mr*  diBtantv  np«rt  of  Ihc  sk't.'|K^rs  (tlu*  holes  hciiig 
bort'il  at  the  time  of  njamifitcturf  of  tho  rails),  but  the  rails 
thfiusflvfs  •wvrv  iindiilv  uvnkcued.  To  Jivoid  the  lu'cessitv  of 
passing  the  spikes  or  Ix^lts  through  the  t\Mt  of  tin*  rail,  the  Ixilts 
Aft!  now  provide*!  with  mm  ^clips'  projecting  over  the  rail  foot. 
Wliert'  the  tridfic  is  not  heavy,  spikes  with  projecting  heads  aiv 
alone  u.sed,  hut  iti  ot)it*r  eiLses  *  fatig  holts  '  (sec  Fig^),  pfi-^ii*K 
romplctcly  through  the  8lee|WT,  with  a  claw  or  fniig  on  the 
timier  Kxde  ami  a  clip  ahove,  are  eniploviMl,  eitlier  at  everv 
i4eeptT,  or  at  llie  extremity  <»f  eiicli  pair  of  rails  only,  the  inter- 
mediate })oiiits  iK'ing  fteciirt'd  l>y  K])ikes.  The  severe  siii  e- 
prx-wuren  exerted  against  the  rails  l»y  tlie  blows  of  the  m  lieel 
fiaiiges  under  the  hvvayin*;  motion  of  rapidly  running  trains, 
a  tendency  to  thrust  the  mils  over  outwards,  *md  eitlier  to 
partiallv  draw  out  the  spikts,  or  to  put  a  severe  htndn  on  the 
fjuig*  IhMs  and  clips.  Nevertheless,  the  Hat-foi*ted  pattern  of 
pcnaajient  way  posM'SM-s  many  Lvotioniicnl  advantages,  and  is 
'       f\  used. 

I  whatever  pattern,  are  made  in  lengths  of  20  to  up- 
wards of  80  feet,  and  it  is  plain  that  where  the  ends  of  two 
miU  conve  together  it  is  tieceswirv  to  firmly  jt»iu  them.  When 
a  fiailor  wishes  lt>  mend  ti  hroken  ^pa^  he  t»(ten  lays  a  piece  of 
Utu(x*r  on  one  or  on  Imth  sides  of  the  fracture,  and  lashes  (he 
whole  n>und  with  ro|w'.  Tins  in  nautical  phnihcology  is  calletl 
*to  fi>li '  the  joint.    The  joints  af  rails  are  als(j  *  tishetl/  Two 


pwcra  f>f  iron  called  *  fish  plate?  *  are  made  to  lit  the  H(de»of  (he 
mill,  Olid  are  iKUteil  mrross  the  joints  In*  bolts  pa^^sing  through 
ho]e»  in  the  web  of  the  rail.  Four  lK>lts,  i.e.  two  on  each  nitle 
the  joint,  are  usually  en)pKm*tl,  and  the  section  of  iron  given 
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to  the  fish-plates  h  such  that  when  thtT  arc  {*tt;ure!_v  liolted  up 
to  the  s]de$  of  the  rail  tho  combined  strengtli  of  the  phite«,  ajul 
also  that  of  the  joint  it&clf,  is  at  least  e<[iial  to  that  of  ihf 
solid  raih  Rail^,  like  all  other  objwts,  contract  and  expajid 
under  the  influence  of  changes  of  teni|>enitiin?,  and  in  order  tu 
prevent  distortion  of  tlie  road  resultin>(  from  these  niovenii-nt* 
it  is  necessary  to  allow  a  little  space  between  tlie  abnttini^  ends 
of  each  pair  of  rails.  The  fis]i-lH»Us  piissin;^  tightly  throngii 
the  web  of  the  rails  would,  boMC\er,  prevent  their  elongation 
or  contraction  were  it  not  that  the  bolt-holes  are  made  slightly 
oval  in  a  longitudinal  direction,  and  the  necessary  movement* 
are  thus  duly  prf>vided  for.  In  practice  it  is  neces**arv,  n more- 
over, that  the  fish-bolts  slioLdtl  not  be  screwed  up  loo  tightly, 
otherw  ise  tile  friction  Ixitween  the  tii^h-plates  and  the  hideft  of 
the  rails  would  be  m  great  as  to  prevent  the  inoveuient^  tukiiig 
place,  and  the  road  would  in  consequence  Ik*  forced  out  of 
shapoj  and  distorted  into  a  wavy  line,  instead  of  preserv  in^  thiit 
perfectly  straight  and  even  aligmnent  which  is  ro  essential  in 
the  permanent  way,  and  the  al)sence  of  which  is  always  so  tut- 
comfortably  felt  hy  the  railway  tmvcller 

On  very  sharp  citrvesi  it  i.s  sometimes  necessurv  to  lay  down 
close  to  the  inner  rail  what  is  called  a  'check-rail.'  This  check- 
rail  allows  only  an  easy  phiy  to  tlio  wheel  flanges,  and  its  objed 
is  to  check  the  tendency  of  the  outer  wheel  to  mount  the  mil 
Otl  curves.  Double  check-raib  are  aUo  sometimes  used  ov^ 
long  lofty  Ijridgesj  evt?n  wliere  the  road  k  straight,  or  in  othtf 
situations  where  any  derailment  wi)«Ul  Ik*  exceptionally  dis- 
astrous. The  check-rail  when  used  witli  the  flat-footed  fibrin 
of  permanent  road  is  often  only  a  stout  arigle  iron,  lx>Ucd 
firndy  down  to  the  sleepers^  and  as  an  additional  precaution  it 
sometimes  projects  to  a  slightly  higfier  level  than  the  top  of 
the  running  rail. 

On  every  line  of  railway,  besides  the  uiain  line  nr  linci*  fonii* 
ing  the  traffic  road,  numerous  aide  lines  of  way  are  ix^quirvdtA 
fixed  places  or  stations,  so  that  trains  4}r  detaclied  engines  and 
veliicles  may  Ik-  passed  on  and  off  the  main  tracks.  ^Fhcse 
various  *  sidings,'  as  they  are  cidled,  are  connected  witli  the 
main  lines,  and  with  each  other,  by  diagonal  conniHiting,  or 
'cross-over'  roads,  laid  with  long  easy  reverse  curves.  At 
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cithtT  vnt\  of  thv  eross-mcr  nwids  the  junction  is  effected  by 
meaitfi  of  a  pair  of  pivoted  movable  rails  cnlEed  ^fiotnth''  i^r 
^  switches''  fM)  uoiiHtrucU'd  that,  ])l/ictsi  in  one  position,  the 
flanged  wheel*  of  the  moving  vchiclej*  will  contiiiut*  to  movt* 
alan^  the  prineipal  track;  hut  plneed  in  a  reverse  pf>sition«  the 
whecU  will  \t€  eonstminetl  to  enter  the  cro^-over  or  diverging 
ruad.  At  the  plm*eH  wliere  one  tilW  luis  to  puss  across  another, 
Agttfiin  the  rail  to  Ik-  passed  over  is  introduced  by  laying  down 
a  grooved  table  of  &teel,  eidled  ti  *enKSsiii*^/  vvhieli  iidinits  the 
pasMge  of  the  wheel  riaiiges  along  the  grooves*  and  idlows  the 
trrud  of  Uie  wheels  tii  roll  Mtiioothly  ahwig  the  upper  aurfnee 
without  interruption. 

ToinU  orswitefies  are  of  two  kindn^  respeetively  called  *faeing- 
pinntft*  and  *  trailing-poiiits/  but  tliese  tenita  do  not  denote 
sknv  diflen-iK'e  iti  iiieehnnieal  ei>nstrucli4*n,  but  n-fer  merely  to 
their  position  with  reference  to  a  moving  trniii.    When  an 
mgine  uppmaelief*,  and  Hntt  couie-s  in  contact  witli  switches  at 
their  fn*e  niovnble  entl,  the  |>oints  are  called  *  facings'  hut 
when  the  IkvI  or  pivot  end  of  a  pair  *»f  movable  rails  is  first 
ttiuched  by  ari  engine — moving  in  this  case  in  a  contrary  direc- 
'  '  r,  —the  ]H>intM  are  called  *  trailing/    Faeing-piints  cause  the 
.    r^t-ji  to  diverge  from  a  main  traek  or  t^iding  into  a  braneJi 
or  cnwovor  rttad,    UVatling'jioirits  eanse  tho  vehicles  to  con- 
verge into  a  main  trax-k  or  sidingH,    Point*  and  cnisjiings  mav 
Ihus  be  rv^gardeii  its  gates  ot"  entrance  and  exit,  admitting  the 
pasMge  of  trains  or  vehicles  from  one  liTie  of  way  to  another, 
mid        »uch,  are  alwiiyn  more  or   lew*  dangi.'nnj»  |)ortalN 
unh"^  the  traflic  throngh  them  is  muiiitjtini'd  under  jierfect 
contrt^. 

Switehe?;  are  UKiially  kept  locked  so  txs  to  restrict  the  traffic 
to  one  rtJmJ  only,  autl  arc  only  ludocked  for  the  time  necessary 
to  admit  the  piiKVige  of  velneh'S  into  or  out  of  that  road,  ax 
may  be  retpiired.  The  working  a*  well  tis  the  locking  and  un- 
lucking  of  f>oinLt  is  tiometimi'H  in  country  tlist  ricLs  where  the 
traffir  is  Nnall,  directly  eHivted  at  the  switches  themselves  by  a 
fobitMmui  in  charge,  Init  where  the  traffic  i*  at  all  heavy  the 
uatupulation  of^Ul  the  switeheH  in  a>tAtion  vard  is  cfmceirtrAted 
a&d  carrietl  on  frt»ni  one  signal  dilation  or  lx»x,  from  whence  idl 
tKe  ngnaU  an:  sdao  worked.  The 
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switches,  and  the  movement  of  the  signals  are,  moreover,  effected 
in  unison  by  means  of  a  special  meclianism.  This  interlocking 
of  switches  and  signals  will  be  further  alluded  to  in  the  next 
chapter,  when  we  are  dealing  with  the  signalling  arrangements 
on  a  line  of  railway 


CHAPTER  V 


rtmoN  OK  lASV- — *statiov  iini-i>ixi;s  an"d  maciiikerv  ^ 

Station  buildings  and  macliinery— Provision  for  growth  and  cupansion — 
PttAsmyci  loadaide  stations — Height  of  platforms— -Goods  accommixlfltion — 
Laiifc  terminal  pftsen^r  stations — PrincipKlvarietics  and  relative  advantages 
— Buffer  slopi — Large  tcnriinal  gocKls  srationt — ^Varieties  of  planr— London 
piodft  ilations — Liacomotivcdep'it — RunningshcdSfpits^  unH  watering"— Tum- 
taMa,  iri^ngles,  urriage  turntaliles,  and  travuriicrb — VVnter  ctant^s,  tanks, 
And  osTifqts — Pick-up  wotenng — Cenlral  workshopr^ — Owulo^r  apjiiinalui  for 
U^ttalllnf^Karly  histoiy  of  railway  iignnlUng — Colours — Time  signals 
•upcrsctlcd  by  ^poce  sij^nali-^ — Block  iyslem— Forms  of  outdoor  signals— 
G^lou)-  hlttnlticsi — Fog  signal'!— Situatiun  and  tli:iAils  of  signals — Corre- 
•pondcnce  of  signals  with  points  or  itwitchcir — Intcrlockmy  of  signals  and 
oatltne  of  jtppamtws — Vnhic  ol  the  system — i'ljitform  atid  other  jigndTs, 

Rau.hav  jtUiiioiis,  wliclhfi-  priiiw?iigi.T  or  gocxi*,  are  of  lurgvly  Sintioti  li 
TBiyin^  hizt'  mill  itiijiortuiice,  irotn  tlio  stnalUst  madside  pirk-Lip 
ftatioci,  nt  wliicli  otilv  a  Rw  tmins  luny  sto}i,  to  ttic  often 
jpgantic  U'nnitml  ^tutitnis  mjuirc^d  in  n  onpitul  (?it>\  into  aiitt 
oat  of  which  Hows,  night  and  <lftv,  3,  foiilinuous  aiid  never- 
oonsing  »tmint  uf  bu»y  truHir.  AtfiiiniiKKlatioii  mid  i*on- 
TieDiences  thr  the  tvfci|jt  aiid  dcs^patch  of  ^uods — acctinlir>g  to 
the  cuniniorcinl  iitipiirtaiKv  of  the  locality — will  eitliiT  Ih- 
combmed  with,  or  Ih'  altogethLT  distinct  from  the  pa-ssetigtr 
arrmngcftM-titji. 

'riic  growth  and  (it  VL'lojsmcnt  of  traffic  oti  almost  every  line 
of  ni?w  railway  if*  roiiiiimnlv  mi  steady — even  if  not  nlwav*  ini- 
iDciiutic*U  gn^it  and  rajiid- — that  n  judiciouH  engineer  wilU  fniiii 
llievifry  commeDccineiit,  in  designing  all  stnticni  ncconnmMlatiou, 
Atkc  aniph'  pnivision  in  his  plans  for  a  large  an<l  econoniieni 
pQwbility  of  extcHhion.  He  will,  htnvcver,  iutmdhf  provide  in 
tl»efir»t  iiistiujce  for  the  nnninnini  rerpiirenients  only,  and  Ihi* 
pftniMon  will  W  (wiaimI  upon  the  Ixst  judpiient  he  can  fomi 

u  to  the  MUulle»L  immediate  neci*bsitieH  of  the  cuAe.    it  Ih  on 

til 
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the  engineer's  forethought  and  wisdom  in  this  matter  of  initial 
economy,  combined  with  initial  arrangements  for  growth  and 
expansion,  that  much  of  the  future  economical  working  of  the 
railway  will  depend. 

In  the  case  of  every  passenger  station,  even  one  intended  for 
the  accommodation  of  a  village  or  very  small  town,  the  length 
of  the  platform  will  be  made  at  least  equal  to  that  of  the  longest 
trains  which  are  required  to  stop  at  it.  This  length  will  depend 
on  the  gauge  and  importance  of  the  railway,  but  will  in  ordinaxy 
cases  reach  600  to  800  feet  on  main  lines.  Unless  land  is 
exceptionally  expensive,  or  the  station  has  to  be  built  on  a  hi^ 
embankment,  or  in  a  deep  cutting,  or  other  difficult  situation, 
the  Ttndtk  of  the  platform  will  be  liberal  and  spacious,  25  to  30 
feet  being  now  frequently  allowed.  The  height  of  platforms 
for  passenger  traffic  has  been,  in  practice,  subject  to  great  varia- 
tions, chiefly  on  grounds  of  economy  of  materials.  Probably, 
however,  the  most  convenient  height,  both  for  the  work  of  the 
station  staff  in  crossing  the  lines  and  in  handling  luggage,  as 
well  as  for  the  ease  and  comfort  of  passengers,  is  about  6  or  8 
inches  below  the  floor-level  of  the  carriages. 

The  booking-ofHce  is  most  conveniently  placed  on  that  side 
of  the  line  nearest  to  the  town  or  village  ;  but  if  there  are  up 
and  down  lines  a  second  platform  and  a  waiting  shed  will  be 
provided  on  the  opposite  side.  It  is  important  that  booking- 
offices  and  waiting-rooms  should,  whenever  possible,  be  on  the 
same  level  with  the  platforms  and  the  outside  approaches  to 
the  station,  and  this  requirement  is  always  kept  in  mind,  both 
in  the  original  grading  of  the  line  and  in  the  selection  of  the 
precise  spot  for  the  station.  Where  the  arrangement  is  im- 
possible, easy  inclined  planes  will  be  better  than  steps  or  stairs 
between  the  approaches  and  the  platform.  The  minimum 
amount  of  acconmiodation  provided  in  station  offices,  whether 
for  the  public  or  for  the  staff*,  will  indefinitely  vary  according 
to  the  circumstances  of  the  traffic  in  each  particular  case,  but 
the  smallest  station  will  always  include,  in  addition  to  the  plat- 
form, a  public  booking  or  ticket-office,  a  clerk  or  station- 
master's  office  adjoining,  a  general  waiting-room,  store-room, 
urinal,  and  some  portion  of  covered  platform  or  outside  shelter, 
either  on  one  or  on  both  sides  of  the  line.    The  ordinaiy  home 
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d  distant  si/jrmls,  a  clock,  supply  of  Matter,  aiid  arraBgemeaU 
for  lighting  will  be  among  the  nt-ressiiry  provisions. 

If  the  nwulsidc  station  is  inipi-^rtant  enough  tn  roquirt* 
sc|MirHtc  gooiJs  acconuntwlation,  goixis  sidings  and  a  scpamtc 
platform  will  Im.'  provitlrd  soinewhert?  near  the  main  officL-s,  s(» 
as  to  Ix'  uhdeT  tlu-  convcniint  insjK'ction  of  tlio  ^station-master 
at  all  timuH,  'I'ho  gtHnls  pluUVirni  will  Ix.'  made  of  such  a 
Iwight  a-i  ti>  Ik;  level  with  thf  floor  of  the  wagons  brouglit  up 
n^ide  of  it.  Slied  rootii  will  also  he  conetnit'ted  in  pn>- 
rtion  ti>  the  rfqiiirtniK'nts  of  tht*  case,  arran^ttl  sit  that  perish- 
nblc  g<Mxls  may  he  loaded  or  nntoadi^^l  under  eo^er,  and  that 
carlft  or  vftna  n>ay  Ik*  able  to  approaeh  the  loading  })latforTn* 
It  i«  Ujtual  to  make  the  i\o*jVh  of  ^oods  slietb  sliilhig  instead  of 
hinged  to  economisL*  s-paee  and  promote  convenience.  The 
pnnct]ml  fittrni^v  neeessurv  for  Ihe  gooils  side  of  a  roadside 
station  nill  Ih'  a  Minail  crane  for  liftin;^  lieavv  weights,  a  weigli- 
iug  uirM^liine,  and  jierhaps  a  weigh  bridge,  a  loading  gauge,  a 
U»ck-up  store,  and  hnmlt  otfiee  with  chick  for  the  boo  king -clerk* 
logfllar  witii  a  supjily  of  water  and  lighting  arrangeuicnb*. 
Intfrmtnliate  stations  for  large  and  important  towns  or  juactionSf 
wikCftlier  for  pcsscngi-rs,  for  gootis,  or  l)olli  coinbinetl,  will  of 
coonc  fx*  greatly  enlarged  to  suit  the  amount  of  tralHe  exjieeteil 
to  t)e  detdt  with, 

'Hie  arrangement  and  disp>sition  of  a  large  terminal  ^Missen- 
ger  ^tation — UHUidly  >itxiatcd  within  the  limits  of  a  great  city 
— dc]a'iid  not  only  on  the  traHiCj  hot  is  often  greatly  deter- 
mined bv  the  ctwit  ami  ^hape  of  the  site  that  may  Ix*  available. 
nuTi'  ttn%  luiwevcr,  thrtv  ]»nneipal  varietien  of  tenninal 
fitAtioDs  ini|x>rtant  e\ain|>les  ctf  which  are  to  l>c  found,  and 
iitot,  or  in  favour  of  eju'h  of  wliich,  tvrtain  iulvanlAges^  and 
T  cnrre>|Mn<ling  tfiwidvantnges  may  Ih'  urged.  The  thrct* 
v»rietie9  are  distinguitihett  bv  the  relative  }KJsition  uf  the  main 
ntittion  officer,  with  rt*ference  lo  tlKMlepirture  and  arrival  plal- 
Gicutw.  Tlicw  ofliee%  may  Ih"  ^ituatetl,  either  along  one  .^rdc  of 
iho -^Ation ;  thev  may  la-  |>hu-etl  in  a  trutrijf  jiositiuu^  or  thev 
luay  Iw  situated  at  the  rnd  or  extremity  of  the  tenninuf*. 
\Vlu*n  till*  main  ntittion  iiffiecH — comprising  booking,  luggage, 
trIegTaph,  htatiou-uiaftterV,  and  |)jireels  ol}it*i.»s,  eloak-rooni, 
wmting-rDoni%  refrtrsliiiient-r*M>ni.s,  lavatories,  etc. — an?  placed 
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along  the  side  of  a  terminal  station,  a  long  main  departure 
platform  is  very  conveniently  situated  immediately  opposite  to 
them,  and  passengers  reach  this  platform  near  its  middle.  The 
arrangement  is  also  convenient  where  large  quantities  of 
luggage  have  to  be  dealt  with,  as  the  lavage  office  and  weigh- 
ing apparatus  is  located  close  to  the  deptuting  trains.  On  the 
other  hand,  access  to  a  second,  or  to  other  departure  platforms 
is  difficult,  and  is  only  to  he  effected,  either  by  an  inconvenient 
and  distant  end-passage,  by  an  over-bridge,  an  under-passage, 
or  by  a  movable  crossing  platform,  which  can  be  put  into 
position,  or  removed  as  required ;  so  that  where  a  large  number 
of  trains  are  required  to  be  despatched  from  several  departure 
platforms,  the  inconvenience  of  this  want  of  easy  access  to  all 
except  the  first,  is  a  disadvantage.  The  plan  of  placing  the 
general  booking  and  station  offices  in  a  central  position  is 
commodious  in  many  respects,  but  is  less  usuaL  The  amuige- 
ment  admits  of  two  long  departure  platforms,  one  on  each  side 
of  the  buildings,  to  which  easy  access  is  gained  near  the  middle 
portion  of  the  trains.  It  is  said,  however,  that  this  arrange- 
ment disperses  the  staff,  and  rei|uires  a  large  number  of  station 
hands  to  carry  on  the  work.  However  this  may  be,  there  is 
little  question  that  where  a  very  heavy  and  frequent  passenger 
service  lias  to  he  dealt  with,  the  third  arrangement,  or  that 
where  the  main  station  offices  are  situated  at  the  end  or 
extremity  of  the  tenninus,  is  on  the  whole  preferable  to  the 
other  two. 

The  princi])al  advantages  of  this  last  arrangement  are,  that 
there  are  no  difficulties  in  the  way  of  using  any  of  the  plat- 
forms, as  occasion  may  require,  cither  for  departure  or  arrival 
of  trains ;  a  very  important  desideratum.  A  discharged  train 
whicli  has  just  arrived,  can  thus  be  used  as  a  fresh  departure 
train  from  the  same  platform,  and  generally  much  shunting 
and  moving  of  trains  and  vehicles  M'ill  be  avoided.  The 
arrangement  is  also  very  economical  in  space;  a  highly  im- 
portant matter  where  land  is  valuable,  as  each  platform  will 
have  a  line  on  citlier  side  of  it,  requiring  to  be  but  very  little 
wider  for  the  use  of  two  trains  than  for  one  only.  In  this 
form  of  terminus  a  wide  space  is  provided  between  the  end  of 
the  lines  of  rail,  and  the  station  offices,  to  which  the  public 
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V  bi'  frvt'lv  atlmiltfd  without  iiiterfemicc  witli  tliu  survico  of 
the  tr&ins.  TravcUere  and  tlieir  friends  can  ho  prevented  by 
ITS  fn)m  riittTitijtr  on  the  tratn-plfttforitisj  I'MTpt  l»v  ticket, 
can  \yc  juiinittcd  only  ft  short  time  hefore  iiw  train  do- 
pArtitret,  an  amuigernent  which  is  hardly  possible  iu  the  case  of 
th*'  nther  two  plans.  From  a  raikni-ofF  portion  of  t!»i.s  end 
lilAlfomu  lu^a^tMilw)  can  he  weighed^  nirried  to  thi^  trairis^iiud 
loiufi-tl  inti*  the  train  lugpige-vans,  with  more  freedom  from  prt?*is 
intennixture  witli  Ihe  p  issen^^ens ;  Hie  >vholi'  work  (>f  the 
ion  U  nion.'  concentrated,  and  can  be  ciirricd  on  uitlx  fewer 
;  the  ]K>rtcrs  f»as.sitig  from  one  platform  to  the  other 
the  Iwirriers  as  trains  depart  nr  arrive.  IVrhaps  tJie  only 
disndvantaf^*  of  this  plan  of  tcrniinai  solution  is,  that  passengers 
approach  the  trains  from  their  ends^  infitead  of  at>out  their 
niiddU*,  and  cinisinpiftitlt  have  to  walk,  and  hi^gage  hns  to  be 
taken  a  longer  tiistance  thiin  when  the  gt^nerai  otiitvs  ilfc  situ- 
Blbtd  rtther  at  the  sitie,  or  in  the  central  portion  of  the  station 
|Kemi8c& 

In  $U  thrt*e  arrau^ements,  nuids  for  the  approach  and  de- 
parture nf  calw  arc  pmvided — on  one  side — or  it  nmy  be  also 
bctwmi  two  of  Hie  principal  arrival  ]*!atfonns.  The  entrance 
to  the  main  cab  road  is  wherever  |>ossibIe,  made  at  tlie  cjid 
lArtJirst  away  fronj  the  exit,  so  tliat  empty  vehicles  may  enter 
br  a  diffcrx^nt  to/mI  from  the  Wded  ones  U'nvinr;  the  station. 

At  the  points  wlieiv  tht*  sevemi  lines  of  way  suddenly  come 
to  an  end  at  all  terminal  staticms,  it  is  necejisary  to  prtjvi(le 
mnae  means  of  arresting;  the  motion  of  vi'hicle*^  whith  may 
overrun  the  |:K)int  at  v\|iich  they  should  have  st(jp[ail.  This  is 
done  bv  fixing;  at  the  end  of  each  litkc  of  raiLs  a  strong  niaHKive 
buflVr-iitop  of  timlH>r  and  inm,  prnviih'd  with  sprinjir  bulferH 
fixed  at  the  stuiif  heij»hl,  an(i  similar  in  cliaracler  to  those  on 
the  vehicle». 

niic  planning  cnit  aiui  nrnin^enicnt  of  a  larije  tvrniinal 
goudM  ^tation,  m>  rts  to  cond>inv  the  greatetit  ftunlitv  in  niar- 
•hoibng  the  incoming  and  miivrtntig  tndns,  and  unrkiTi^  thcni 
into  and  out  of  tlic  variou*  platform  sitlings,  whether  for  load- 
ing and  dc?i]Wktch,  or  for  nn-ipl  and  nnltiadiii^,  tii^*ther  with 
the  utiuotit  ctmvcnience  fi»r  the  rapi*l  entrance  and  e\it,  loful- 
infC  and  uidnadin^  of  Ihe  ordinary  rotui  vanH  or  cartH,  for  the 
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receipt  and  cleliven'  of  go<xls,  h  one  that  taxes  the  hkill  of  Uie 
dc*8i^er  more  than  any  oiher  detail  of  railway  acconiiiuxi/ition, 
and  perhaps  in  no  particular  does  the  praetiec  of  Hie  ^<Teat 
railway  companies  difier  more  than  in  the  ground  pUn  luid 
general  arrangement  of  their  terniinal  gnoJsi  stations.  The 
ultimate  object  in  every  case,  however,  is  to  vnrry  on  with  a 
maximum  of  convenience  and  rapidity  the  cnonnous  operationa 
frequently  involwd. 

At  sfime  i»f  the  larger  London  ^oodi^  stations,  15(M)  or  StHKIj 
men  may  be  nightly  employed  in  lod.c(ing  luid  unloading  ^o^ids,] 
over  an  area  of  15  to  SO  acres,  contaimng  perliaps  HO  mWen  oi 
sidings,  and  disposing  in  a  few  hours  of  perhaps  1000  or  l!£00| 
wagons,  comprising  30O0  to  4000  tons  of  nieivhandise,  exclu-*] 
sive  of  mineriUs.    The  *  outwards"*  or  dew]>atch  work  is  largfly- 
carriod  out  in  the  early  part  of  the  niu^ht,  in  readiness  for  tin 
''inwards"*  or  receipt  trutfic  usually  dealt  with  in  the  enrly 
hours  of  the  morning,  ami  so  great  is  the  jK*rfection  in  th 
arrangements  now  commonly  attained,  and  the  order  an<l| 
rapidity  with  wliich  tiie  work  is  carried  on^  that  often  hardlv 
more  than  an  hour  will  ekpf^c  between  the  consignment  o| 
goods  and  their  despatcli  by  train  to  tlicir  various  dcMtinnlions.] 

At  all  terminal  stations,  and  at  varying  intervtjH  along 
line  of  railway — intervals  dependent  ou  tlie  ci>nditionfi  of  thej 
traffic — locomotive  depots  will  be  established,  to  provide  for  the] 
]>roper  groonung  and  victualling  of  thu  juMiderons  iron  horses, 
'riiese  depots  will  Ix.'  furnished  with  '  rnnning'  or  shclter-ftliedsj 
for  housing  the  engines.    Inside  the  stiedfi  will  Ix'  continuoi 
pita  Wtween  the  gauge  of  the  rails,  to  allow  free  pa 
beneath  the  locornotives  fur  e\annuatioii  of  the  mtu'hineryj  anc 
a  plentiful  supply  of  (uire  water,  supplieii  at  considerable  p( 
sure  from  an  elevated  tank,  for  washing  out  the  Wnlers  anm 
general  cleansing  ]>urposert.   The  wlietls  will  hIso  asualiv  cotitAinj 
Home  w(»rk&hop  accommodation  for  eveeuting  minor  re}>air$« 
Near  the  running  sheds, 'ashpits"  between  the  rails  for  receiv- 
ing disdiarged  ashes  frtJiii  tlie  engines  holUnv  water-cranes  by 
means  of  which  the  engine*!  may  be  funiifthed  with  water, 
stages  for  convenieutlv  taking  in  »<u])pliefi  of  fuel,  will  b 
provi  d*'d. 

Terminal  stations  will  also  invariably  conttun  some  pn>viHio 
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for  turning,  tir  ruVLTsing  tUv  runiiiiig;  pj^ition  of  the  engines* 
In  nioftt  cnscfi  this  \^  dnrie  bv  means  of  what  is  called  a  'turn- 
tnhlc;"  \tut  in  cmiiitrv  liH-iilitles,  whiTt*  i\w  L*\pe<licTit  tnay  Ix* 
admisf^ibk*  nr  ranventt'rit,  tho  ungimw  t-aii  Uv  ttirm-tl  tJti  a  short 
Icngtli  of  niilroad  laid  dowu  in  the  form  of  a  triangle,  of  si/i* 
t  to  mnhle  thi'  t'lifjines  to  poiis  round  it.  Joints  and 
iirt%  of  course.',  providtHl  at  Ilit?  apev  of  tlnj  trianglo 
and  nl  it.-*  |)ointis  of  juTK*fi(»n  with  tin*  main  road.  A  *  tum- 
Ic' ii*  a  ctutrallv  pivoteif  rtvolvh^r^  platfonii,  of  a  diiuiu'UT 
strength  surtificnt  to  mrry  an  etigine  with  its  tt-^nder, 
having  a  line  of  rails  on  it  coincident  and  level  with  the  adjoin- 
lint'  of  wnv.  TIk'  engine  IxMiif*  run  on  to  the  platform 
fitoppt'd,  the  uhole  bv  suitable  meehanimn  is  revolvt'tl  a 
luilf  turn,  when  the  pohition  of  the  engine  will  be  reversed,  and 
it  can  then  Ik.^  nin  off  the  platform  on  to  the  bne  of  way  by 
which  it  came.  Iti  i*rowik-d  terminal  or  other  station  ynrtU, 
Uimtahles*  for  nirria^es  i*nablin^^  them  to  1k'  quarter  turned, 
auil  puithed  <m  cross  liut>  from  one  line  nf  rails  to  another, 
ill»iMul  of  pjissirif^  bv  ero^s-ovtT  hmuIs,  are  alsu  sonietinu's  vui- 
played ;  but  it  in  gt^neraliy  more  convenient  in  such  phu'es  to 
mc  A  *  mrri/iire'  tnivi-rser/  or  low  duarf  frame  running  on  cross 
Hnes,  on  which  the  carriagi^  or  vehicle  is  lirsl  nuamted,  to  eflivt 
UiLt  pur|Min<'.  When  thewe  are  used,  at  leaat  one  Ciuriage  turn- 
table will  1h?  provided*  in  order  to  reverse  the  running  [Kihition 
of  the  earriiige  and  wa^f»^on  stock  wlien  dcsiretL 

At  Kiandry  interna'tliate  stations  along  tlie  line»  water-tanks 
ami  rmiie^  for  rehlling  tlie  engine-tanks  with  water,  and  'aih- 
piU'for  nxviviiig  llie  diseliJirgcd  itshes  from  the  engines,  will 
alto  be  necessary.  The  distance  aptirl  of  tlK*se  watering  or 
ttibpit  !*latiiHJs  v\ill  dr[H'nd  upon  the  \arving  condition.s  of  the 
irailic  an  artVvtliig  the  ei»ttsutiiptiou  ofwatvr,  the  capacity  of 
tbc  rogine  tankx  ;  or  the  kind  of  fuel  used.  In  cases  where  it 
191  desirable  that  trniiv^  ^ho^dd  run  e%ceptionally  long  dihtancex 
with*Mil  thi*  iKVtrv^ity  of  stopi>ing  to  take  in  water^  *  pick-tjp ' 
waiiT-trouglis  an*  eniployr<j  on  mimy  miUays.  A  long  open 
trCHigii  of  very  eonsidemble  length*  and  kept  Idled  with  water, 
is  constructed  Ik'tween  tlie  giuige  of  tlie  raiU,  at  convenient 
^tering-pliiccH,  Into  this  trtnigh  a  'dip-pipe'  or  !icoo]>, 
attached  tu  the  bottiini  ut'  the  teii^ler  of  the  nmning  train  u 
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lowered,  and  at  a  speed  of  50  miles  an  hour  upwards  of  1000 
gallons  of  water  can  be  easily  scooped  up  and  discharged  into 
the  tender  during  its  passage  over  the  trough. 

Central  workshops  for  the  repair  or  reconstruction  of  the 
locomotive  engines,  and  of  tlie  carriage  and  wagon  stock  of  all 
kinds,  are  provided  on  all  important  railways.  These  may  be 
located  at  one  of  the  principal  termini,  but  are  generally  placed 
in  some  central  position  with  reference  to  the  entire  system  of 
railways  owned  and  worked  by  one  company  or  agency. 

Every  railway  station  requires  to  be  provided  with  an  out- 
door apparatus  for  signalling,  both  by  day  and  by  night,  so 
contrived  that  by  it  instructions  may  he  conveyed  from  the 
stations  to  persons  in  charge  of  trains,  in  order  to  control  the 
motions  of  the  latter.  It  would  be  impossible  within  the 
compass  of  a  few  pages  to  discuss  in  an  adequate  manner  the 
important  matter  of  railway  signalling.  We  will,  however, 
endeavour  to  convey  to  the  reader  an  outline  and  general  idea 
of  the  main  principles  in  accordance  with  which  the  movements 
of  trains  on  a  line  of  railway  are  controlled  by  the  aid  of  that 
system  of  out-door  signals,  which  has  lieen  necessitated  by  the 
rapid  development  of  railway  traffic,  and  which  in  many  par- 
ticulars has  now  reached  so  high  a  degree  of  perfection  as  to 
render  the  safe  working  of  trains,  so  far  as  this  matter  is  con- 
cerned, almost  independent  of  human  error  or  carelessness. 

On  the  first  lines  of  railway  that  were  constructed,  the  need 
of  fixed  signals  was  unfelt.  So  few  trains  followed  each  other 
on  the  up  and  down  lines  nearly  always  provided,  that  nothing 
at  first  seemed  to  be  required  except  a  code  of  hand-signals, 
similar  to  that  still  used  in  station-yards  for  shunting  or  other 
purposes.  Tiiis  code  of  hand-signals,  still  almost  universally 
employed,  consists  of  the  use  of  coloured  Rags,  and  the  various 
attitudes  of  the  anns  of  a  signalman  by  day,  and  of  coloured 
hand-lamps  by  night.  A  signal  for  '  all  right is  given  by 
holding  out  a  wliite  flag,  or  by  stretching  out  the  arm  hori- 
zontally, or  at  niglit  by  showing  a  steady  white  light.  A  signal 
for  '  caution '  is  given  in  daylight  by  a  green  flag,  or  by  holding 
one  arm  straight  up  in  the  air,  and  at  night  by  a  green  light. 
A  danger  or  '  stop  ""-signal  is  given  by  showing  a  red  flag,  by 
holding  up  both  anns  vertically,  or  by  waving  a  cap  or  some 
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iithtT  o!ijt*t*t  violfiiMv-  At  iii^Iit  it  vvd  liglit  is  shown,  or  if  tio 
pctl  li^ht  is  available,  by  waving  violently  my  other  light  across 
the  line. 

On  the  oripinul  LiverjKW)!  and  Maneliester  llnilway,  when 
first  opcnetl,  lumd-hiffiials  only  were  employed,  anil  it  was  not 
until  aKnit  the  yt^ar  ISJl-t  that  on  this  line  the  first  fixed 
KigiioLs  were  introdueetl  tor  ni^ht  ii.se,  by  the  .simple  ex[>edient 
of  fruktt'uinje  m\  tirdinary  lamp  to  the  top  of  a  post,  showing:  a 
red  light  if  it  was  deisireil  th;it  the  trnin  should  stop,  and  a 
white  light  if  i»n  the  eontran'  it  might  proceed.  Kven  in  the 
1841  the  iMily  fixed  day-sipia!  employed  at  i^lalionA  on 
this  railway  was  n  fl.ii^  rirti  up  and  ([owti  a  mast  bv  nieans  of  a 
rupe  luid  pulley.  Tin-  use  of  i^flmned  objw^ls,  lx>rrowed  from 
thr  hami-signallinix,  was  wmhu  however^  extended  to  fixed 
digDaK  W'hiit-,  wliether  exliibittd  in  the  shiijK'  of  a  flag,  a 
dine,  an  arm,  *ir  a  li^ht,  came  to  represent  sitfetv  or  aU  right/ 
Grrtn  meant  *  caution,'  and  red  signified  danger  or  *stop/ 
Tlirse  w»ilowr.K»  whether  by  day  or  by  night,  for  a  long  peri4Ht 
vref«  used  Miiiply  :vs  #imf-signals.  I?kinie  dcseriptioji  uf  fixed 
rtAtion-xigiuil — scarcely  any  two  railways  using  the  s/nnc — such 
^  a  coloure<{  di'^t^'.  nnnid  or  s<{iLar(\  or  a  hort/ontal  arm  on  a 
jpOflt  (exchtuigitl  after  ilark  for  a  eciloiiretl  ligfit),  ^'^^  di^tplavctl 
for  both  up  and  (h)wn  lines.  Tlie  red  colour  was  shown  directly 
A  train  had  reached  or  jiaswai  a  station,  anil  remained  exposed 
for  five  miiniti's  after  its  tlepartorf^  so  its  tc}  stop  any  f<>llowing 
tmiu.  The  giwn  tiignal,  often  carried  on  a  shorter  ]K>st»  was 
then  cxhibiU'd  f*>r  anoiher  five  ininnti's,so  as  to  complete  a  ten 
minuter  intervaU  after  which  either  no  i^ignal  at  all,i>r  tlie  white 
'iill-riglit  *  j*ignjd  waj*  exjMisi'd.  On  some  line?^  the  /iwr-inter\'al?* 
wefv  varied  to  suit  the  sptvial  cireunistancL's  of  the  traffic, 
but  befiirf  hmg,  luid  mhiu  after  the  intrtKhictioa  of  tht*  rk^ctric 
Idcgniph  on  milway!*,  the  main  object  niitatl  at  in  signalling 
onmpletxdv  ehangeiL  It  wart  n<.»  longiT  wtnight  to  presi*r\e  an 
interval  of  t'wtc  iK'tween  trains,  but  to  ensnrt"  an  interval  of 
jr^Kicr,  and  it  in  ubvi<mH  at  Hrht  ghmce  that  this  wan  a  vant 
impro^t'uieni  :  for  in  caM?  of  a  tT>iin  breaking  dowti^  or  fnnn 
any  caikM*  not  running  to  lime  lietween  two  Htatiotis,  tlie  timc- 
sil^nAl  would  not  }>revent  the  following  train  from  running 
into  it. 
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UD(^eT  the  present  sysleni  the  colours  of  the  old  signnls  Imvij 
l>een  retauiod,  but  the  use  of  tlic  clcctrie  telegraph  enables  cat*'" 
line  of  way  on  a  raihvay  to  he  thvidetl  jiitti  t-ertain  nfMuie 
intervals  or  'scetionK/  and  perinits  tlie  estahlishnient  of  n  rigid 
rule  or  regulution,  that  no  train  shjill  lie  allowed  by  the  ordiiiarv 
out'4lrt<ir  signals  to  enter  any  seetion  until  the  previovis  train 
ha*  hevn  signalled  hy  tele<;ra})h  to  Imve  left  it  at  the  other 
end.    This,  whieh  is  called  the  '  hlock  "  system,  eiisun*Sy  if  th 
regulation  ik  adheretl  to,  that  no  train  can  ever  overtake  o 
rim  into  anotlier  proeeeding  on  the  same  Ihie  of  rails. 

The  f4>nn  of  out-do(ir  signal  apparatus  now  employed  on  all 
inipoi'taiit  railways,  is  that  known  as  the  *  semaphore,"  nhieh 
eouihioes  tJic  use  of  colours  by  night  with  the  relative  position 
of  a  seumplion.^  ann  bv  day.  This  signal  consist^  of  a  tall 
vertical  j)ost,  whieli  cairies  near  it*  top  a  pivoted  movable 
arm — or  luori'  than  one  if  signals  for  several  roads  have  t(i 
he  given — the  ami,  projecting  from  the  post  in  a  horizontal 
position  J  indicates  danger  or*"Fstop/  Lowered  to  an  aiigtv 
45  degrees  with  the  post,  it  intlicatcs  '  proeoi-d  cautiously  ;  * 
shut  dowTi  entia'Iy  within  the  ]K»st,  it  signiHes  'all  riglit.** 

In  connection  with  the  *  block  *  !4yj*teni,  however,  it  i«  clear 
that  only  two  signals  arc  really  reijuired,  viz,,  one  to  express  the* 
instruction,  'All  right,  yon  may  go  on,  for  the  line  u  clear  in 
iront  as  far  as  the  next  sigiial-Kttitiim  ; '  and  the  other  to 
express,  *  Stop  at  once,  for  the  section  of  line  in  front  is  #ir;* 
clear.''  In  the  neighlxjurhood  of  towns  it  in  an  aiUantage  to  t>t* 
able  to  discard  the  use  of  the  white  liglit  at  night,  because  it  i« 
liable  to  Ije  confounded  with  other  orthnary  white  lights,  <5on- 
sequentlv  in  such  situations  the  green -colouretl  signal  has  no*' 
almost  entirely  taken  it*  place,  and  has  practical]  v  conie  in 
mean  *  all  right '  instead  of  caution.  On  the  other  hand,  in 
the  open  country,  tlie  white  light  is  sujjenor  to  the  green  light, 
inasmuch  as  it  can  l>e  clearly  seen  from  a  girater  distance  hy 
the  drivei^  «f  fast-running  trains,  and  it  is^tiierefonv  generallv 
retained  under  these  circumstances.  Similarly,  {lie  inclined  or 
*  caution''  [wjsition  of  the  day-signal  arm  is  now  almost  every- 
where used  to  express  'all  right/  the  shut-down  position 
within  the  post  Iwing  discardedj  tliis  position  having  the  objec- 
tion of  l)eing  rather  the  absence  of  any  dcthiitr  signal  than  an 
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ntiAlivt^  (inc.  The  use  of  the  three  signals  by  ni^ht  is,  how- 
ever, rtill  adlu'red  to  on  some  lines,  a  purple  light  boin^;  Hu1>»ti- 
tuttnl  fur  the  white  h*<;;ht  in  the  iit.'ighbourhix>d  of  tuwnw. 

As  now  used,  thcrL'tbri^  in  c(»tineelion  with  the  tdiuoat 
uiiiverKul  ^lihicik'*  E^yateni,  day-stgiials  eomist  of  a  huridtontal 
semaphore  ann  to  indinite  tiangcr  or  *sto]>,'  and  tlie  same  ann 
incHned  at  m\  aii^le  of  45  degrees  to  iiuiiakte  *all  right/  At 
ni);ht  a  lamp  is  lighted  near  the  top  of  the  ni^al-post,  and  a 
:tacle  of  red  and  green  gla-ss,  or  one  of  retl  only,  h  inter- 
vd  in  front  of  Hie  hght  by  the  motion  of  the  sjinie  hkIs  tliat 
work  the  Kignal-nnii8,  Hhowing  a  red  light  when  tlie  arm  is  in 
the  ^Hyuition  imiiaitinj^  danger  or  *  stop/  and  a  green  or  a 
white  lijjlit,  acconhng  to  ^ituation^  w]ii*n  the  arm  is  in  the  ^all 
riglit '  |>o!»ition. 

These  colours,  now  tiscd  in  railway  signalling,  whether  by  the 
exhibition  of  coloured  flags  antl  other  ohjivts  by  diiv,  or  of 
|M  hy  night,  were  adopteti  at  a  time  when  that  defect  in 
urn  an  TOion,  known  a^  '  eolour-blindness/  was  little  known,  or 
when  il.H  aeeoiii|)an\  ing  phenomena  had  lieen  little  inve>*tigated. 
Unhappily,  moreover*  the  u»e  of  tbi»  colour-system  of  signal- 
ling htt-N  bmnne  ho  Hrinlv  liound  up  with  milway  praetit*e  all 
over  the  world,  as  to  pn^clude  the  po^nsibili^y  of  any  radical 
cliaiige  of  prineiple  Ikeing  now  thouglit  of, 

M<xlem  scientific  invisttgation  into  the  facts  of  eolour-blind- 
Dcw  has  clearly  proved  that  a  considerable  and  unevptvted  }>er* 
cniia^e  of  [>eraons  are  unable  from  birth  to  interjjret  correctly 
anf*  or  oilier  of  tlie  primary  colours,  espeeially  *  red  *  and  "green: ' 
tlMit  this*  defect  in  visual  perception  may  lie  induced  hy  cxt'jjssive 
iohacco-ttRioking^  eilher  combined  with  or  entirely  without,  the 
ftbtMt?  r>r«lcohnl,  ajid  moreover  (hat  cxiunples  exist  of  persons 
whiMT  cvc?tight  is  normal  with  resjjcct  to  the  eolours  of  opmjue^ 
«iCMi-luminou^<  object^  but  wlxo  at  the  same  time  are  colour- 
bliml  to  luniimniH  cdytrt*,  espeeinlly  of  varying  intensity  (6uch^ 
for  iitfitance^  as  railway  signal  lanjp^i).  In  view  of  tlu-sc  facta,  a 
duty,  the  im|K)rtiUiee  of  which  it  hardly  |>ossible  to  exagge- 
rate, iw  ini{KiM.*d  on  those  persons  responsible  for  the  safe-working 
of  roilway  trains,  to  fucertain  by  the  uiont  crucial  testa  that 
ciphtbalniie  science  may  luive  renck^red  nvnilable,  that  the  vision 
cf  engine-drivers  and  others  in  not  only  normal  on  fir^t  engage- 
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ini'tit,  but  al^io  by  jKriodiail  exiuninaliun  to  lUsccxtain  wlietheri 
contiiJUt'H  in  a  hriiltliv  coiulitiun,  spt-iii^llmL  thvse  jurrwius  hA%*e 
under  dttily,  ami  even  h*itir!y  risk  cif  luuunri  life  ntnl  property 
to  rcatl  coiTtvlly  the  ctAours  of  niilway  sii^tmls. 

Tile  nn^'tbods  of  tet  liitljerto  cmpluyof],  whether  liv  requir- 
ing tlie  wMiihtiate  to  name  llie  fohjiir^  on  prepmred  ciirds,  retul 
the  Jictiml  tjutiloor  si^nftlt*,  or  by  refpiinitif  him  to  nmtch  to- 
gether the  various  eolours  of  skoius  of  wool,  irresj»eetive  o 
shaile  (known  as  the  *  Holinirrcens  wool  teht ""),  w  h*'ii  thw*'  tesUt 
are  unaeconipanied  by  the  more  striugent  trial  of  correctl 
nmtehiii^  opatjue  ji^uiiist  the  colours  of  Ininrnous  ohjcvts  o 
v/iryin^  tlegree.'-  of  intensity — iu  a  siniiUir  manner  to  the  Ays>tetiT 
of  testing;  now  miopted  by  the  Admiralty  in  the  ca«c  of  cfljidi- 
datfs  f<n*  the  nmrine  service — have  been  shown  tr>  be  Iklilc  to 
t'xtrenie  ehjuitrs  of  error,  even  if  they  are  not  net  on  I  ly  iihelesH. 

In  England  the  subject  lias  uttrafted  great  attention  in. 
recent  yean^H^  and  raiiwjw  eompanies  are  l>e«;irinin^  to  be  more 
keenly  alive  to  ils  real  importante.  In  Indian  railway  practitx\ 
howeveri,  really  efficient  metliods  of  tc&ting  the  eyirsight  of 
engine-drivers,  Hif^iabm-n,  ami  others  for  eolour-blindncKS  are 
eitlier  largely  nnkm^vvn,  or  their  applicatifai  is  singularly 
hix.  It  is  sianetimes  urged  that  too  great  an  imjjortance  h 
attaehed  to  the  ^iibjet^t,  inasniiich  a,s  very  few  cnnt^  of  niilwnv 
aecklent  can  in  praeliee  be  attributed  to  colour-bbntlness^  but 
in  a  large  number  of  cases  where  aeeidenta  have  arisen  frotn 
iioiiie  eonHieting  interpretation  of  signals,  it  has  not  hitherto 
been  possible,  without  the  aid  of  the  more  reeentlv  deviM.'ti 
acientiiic  niellioils  of  test,  to  prove  that  such  misinterpretiition 
was,  or  wa.-j  not,  due  to  this  cause.  To  such  of  our  readers  irho 
may  desire  to  have  a  cleart-r  idea  of  the  tlie4>ry  juid  fticts  of 
colour- blindness,  tis  hearing  on  railway  signalling  and  tlie  uio«t 
improved  njetluKls  of  test  now  employed,  a  of  tliia  \m- 

portant  question  will  Ik*  found  in  Appendiv  J. 

During  the  time  of  fogs  or  mist,  wlR'n  neither  the  anm  nor 
the  lightn  of  fixed  signals  ejin  he  sivn,  timUhh'  signals  are  «*- 
sorteil  to.  At  a  eertaiii  distance  Ix-yond  the  (ixed  signals  in 
the  direction  of  an  Hp(>roHehing  train,  special  signalmen  APft 
employed  to  fasten  on  the  rails  by  the  aid  of  small  I  '  m  't|», 
po^cu.s^ion  or  *•  fog^  signals,  whieh  being  run  over  In  .ne 
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cxpkxk'  with  ji  louti  rL'[)ort.  Oik-  surli  explosion  means 
'CAulion,'  t»r  pHxtHnl  slowly,  two  or  iiiortMn  succession  meaii 
lliUl^T^  tir  *  htop/ 

Hjiviup;  now  cxplrtinoil  tlio  form  and  kinti  of  outtkmr  si^aU 
usimllv  eiiiplovcil,  it  is  nit'chsfiry  to  indiaitc  their  ordiimrv 
.•tittmtion.^.  Kvt*rv  Oirou^li  ^ttitit»n  is  provi<iei(  witli  central  or 
'  tmuK"  ^  5i^tmls,  as  llii*y  aiv  failed,,  and  two  'distant'  nig^im^ 
MtuAtt^d  fax  Hway  ini  either  side  of  it.  Terminal  stations  will 
«)f  nmrM*  rnpirro  the  Inlter  on  otil'  srdc  only.  The  nittin  or 
•home'  si^iirtl-post  i^  generally  pitw."e<l  adjoinins;  the  ]>latfonn^ 
and  either  Jit  or  flost*  to  the  main  cabin  or  '  hov  *  pro^nded  for 
thi'  H^ialnian.  In  ronsequenre  of  the  ^reiit  speed  at  which 
traitte  travel,  it  Ls tiect^sary  thai  en^ine-ilrivtrs  slnmld  kniiw  how 
thp  main  *i|jiialj(  Rtan^J  some  time  iKfore  they  can  reai'h  them, 
'ITii*  tH  arranged  for  l>v  the  provinionH  of  nuiciliHrv  or  distant 
jdjinal-piwt.s  on  either  side  of  tfie  honee  sisals,  at  a  distanee  of 
it  quATter  to  a  half  a  mile  away,  the  arms  of  which  arc  worke<i 
by  win's  and  rmis  roniut-tiKl  with  levers  in  tlie  sijrnjd  Ihjx. 
Kiwrh  of  tlicse  hcniaphore  signal-post.^  will  often  Ik-  funii^lH-d  witli 
Arms  ivn  l>oth  siileN  of  it,  or  ev*eii  tier^  of  arms  one  aliove  the 
other,  hut  in  eTrny  ease  the  arm  or  arms  on  om-  side  of  the 
pOfft  c««d.nd  traiiLs  rurmin^  in  one  dirwtion,  and  the  arm  or 
anus  on  tlie  otiier  side  control  trains  running  in  the  other 
«ltfection.  'i'he  driver  of  a  train  approathing  any  ^'maphore 
gtgniiLi  whatmK'ver,  htis  only  to  consider  thi>  iirm  or  arms  on  the 
l(fl-\uknd  side  of  thr  signal  post ;  thos*."  on  the  right  hand  in  no 
Way  ronctTii  him. 

In  all  caseH  ^ignal  anns  are  cc'unterwcighted,  so  that  in  ca&e 
Ihc  win*!*  or  rtHl;*  eonneeting  them  with  the  working  levers 
fthiudd  at  iuty  time  linvik,  the  ami*  will  hy  their  own  weight 
flv  to  the  position  of  'danger,'  and  thuh  no  fiirtlier  harm  ilian 
tome  dcJAV  will  cii'-ne.  The  n(»nna!  position  of  all  signal  arm* 
t%  moreover,  horizontal,  oral  tlaiiger»and  they  are  unlv  lowertnl 
to  the  inrlira-d  or  '  all  right  "*  |KJsltion  for  the  brief  lime 
msnwin*  to  allow  a  tniin  to  p^tss  clear  of  it.  At  complieatiil 
joDction^t,  «>r  *latioa-«  where  there  are  a  great  number  of  lints, 
«ukI  ciin}*e([uently  where  there  may  ta?  «  great  many  signal  arm* 
one  atK»e  tin-  other  on  the  posts,  it  i*  iiiual  to  arrange  the 
urder  of  their  5tipt'r))irsitif»n,   so  as  to  correspond  v^ith  a 
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numerical  or  other  order  in  thf  varimts  lines  to  wliicli  they 
refer,  Uy  the  tiki  of  llu'se  aiul  luitnerouK  otlior  suitablf  arrangi- 
uients,  wliich  pnictically  pnn  ide  for  all  the  j»ossibIe  roiuplica- 
tioiis  that  cull  arise,  railway  signals  are  made  to  foiivey  ]xt- 
Tnissiou  to  the  driver  of  any  train  to  pn^ceetl,  or  to  command 
him  to  stop. 

It  will  be  obvioufi,  however,  to  the  most  uninitiated  person 
that  much  more  than  this  is  retjuired.  Whem-ver  trjiiiix  have 
to  pass  from  one  line  of  rails  to  another  by  those  gates  of 
entrance  and  exit  called  'points'*  or  fiwitches^  iu  doing  which 
they  may  for  a  time  obhtruet  eommunieation  im,  or  *  ftajl  *  one 
or  several  other  lines  of  way,  it  is  clear  that  the  exliibition,  and 
even  the  exact  obeying  of  signals,  will  be  no  sfii'e^uard  to  the 
traf?ie,  unless  the  working  of  these  jiwitche^  or  ^  points  *  is  con- 
ducted in  exact  correspondence  with  the  sigimlw.  If  at  any 
time  these  should  be  in  contradiction  the  one  to  the  other,  con- 
ditions favourable  to  a  eoliihion  or  other  accident  will  Ik'  im- 
mediately establislied.  It  is  in  order  to  prevent  the  possihihty 
of  this  dangerous  contingency  that  ingenious  inventors  have 
deWsed  an  interlockioju^  mechanism  for  tlie  levers  of  points  and 
signalis,  so  arraageii  that  no  signal  arm  can  by  any  liuman  eftbrt 
be  removed  from  its  normal  position  of  danger,  imless  all  thr 
points  situated  on  tlie  line  of  way  controlled  Uy  that  signal  are 
previously  placed  in  the  proper  pi>sition  for  tJie  train  to  pibM, 
an<l  further,  dtunng  the  whole  time  that  the  sigiml  ann  is  in 
the  lowered  jjosition^  permitting  a  train  to  ]>roeeed,  by  n« 
human  effort  ean  the  ]>oint^  I>e  moved,  nor  caii  any  other  signal 
be  shown,  wtiich  will  allow  another  train  to  prtK-eed  on  any 
line  of  way  olwtrncttng  or  *  fouling'  the  (irst.  The  numen>us 
levers  wiiieli  tictuatc  all  tlie  points^  as  well  as  tho?ic  which 
actuate  all  the  signals,  are  concentrated  and  mnged  side  by  side 
in  the  signal  ealiin,  and  are  placed  in  niecluuiical  conntftion  with 
an  interlocking  int'chanisinj  so  devined  that  tl»e  rt:viilt%  of  the 
arrangement  are  very  nuich  the  same  as  if  a  piano  or  orgiui  wo* 
eonsfnicteJ  in  >.uch  a  maimer  that  no  condiinntiori  of  notcx 
could  pti.ssihiy  Ix-  struck  which  were  not  in  f>erfect  harmony. 
So  f ar  ns  exact  iiccordance  l>ctween  point**  and  signals  are  ooo- 
cenied^  a  blind  man  might  with  safety  l>e  allowed  In  enter  a 
signal  eahin  and  jjull  o\er  juiy  of  the  levers  of  an  interhx:king 
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iLp[iur3itu.s  at  randoiri.  lie  would  probably  produce?  dt'liiy  in 
the  traffic,  but  lie  eoiild  not  produce  tJisetml  lietwcen  the  puiiiLs 
Olid  the  »igimU. 

^rhe  iriain  principle  of  the  uppamtus  i.s,  that  ao  long  all 
the  outhide  sipiiilH  are  at  danger  the  point  levers  are  free  to 
inovf,  thuf*  ]»eniiittiu«^  tiny  sluiiiHn^  tliat  may  be  necessary  to 
go  on  umier  tlie  protectitm  of  the  dimmer  signals,  hut  if  tlie 
M^aJiiuin  desires  to  lower  any  signal  ami  to  the  *  all  right ' 
|Kwitt<>ri  he  cjinnntn^  bv  tho  conditions  of  the  mechanism  do  so, 
until  alJ  the  points  eoneemcd  are  Jirst  set  in  their  pro|xT 
pmitiotiH  of  sjifety  for  the  train  to  pass,  nor  wliilst  the  signal 
arm  is  down  ean  he  move  the  points  so  set,  or  actuate  any  other 
-ii^ud  ronivrnwl  wrtlj  any  portion  uf  the  same  line  of  way. 
The  Ttuiu  and  his  liability  to  forgetfulness  or  error  is  in  fact 
supersedetl  hy  the  unerring  motion  of  the  maeliine.  Trains  may 
t>r  deptileil,  en^'ne-d riven*  may  fail  to  stv,  or  niny  disrej^ard  the 
»igiials^  or  brakes  may  refust*  to  act,  but  the  jierfect  corre- 
.«p<:milencv  iKlwcvn  the  sisals  and  the  safety  of  the  totXih  to 
which  they  refer  is  |)rnetieally  absolute. 

'llie  importance  and  value  of  iiiterhickinj^  apparatus  will  Ik* 
illastratetl  when  it  is  stated  that  at  some  I»ndon  terminal 
stations  rtt  the  most  crowded  time  of  the  day,  eigliteen  or 
twenty  trains  may  arrive,  and  eighteen  or  twenty  trains  depart 
within  tlie  hour,  necessitating  perhaps  lj20  operations  of  shift- 
ing |)oint«  mid  signals,  or  an  avcriige  <»f,  siiy  otr'  in  every  30 

Cicond^,  a  work  which  it  wo»dd  he  impotssible  for  any  unaideti 
Brniui  iH'iof^  t4>  earrv  *>n  without  mistake,  even  for  a  few 
tninutc^. 

In  addition  to  the  ortlinary  outdoor  sipials,  of  which  we  have 
been  iqicaktng,  platform  arrival  and  departure  signals  are  often 
xued  where  trains  are  fretjuent.  Numerous  other  signals  are 
aLmi  emptoywl  fc»r  e^Miveving  instructions  from  one  signal  box 
to  another,  or  iK-tweeii  tho>e  <micenieil  in  tlu<  actual  working 
of  tmins  «Jnl  even  between  piisseiigurs  mid  the  train  ofllcials. 
^lo^t  of  tlieie  are  nowadap  worked  by  electricity,  and  an?  of 
too  trrhnind  a  chanu'tcr  tn  Ix'  here  treati»d  of. 
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SNTRODUCTION  OF  RAILWAYS  IKTO  INDIA 

Introduction  of  Railways  into  India — The  India  of  early  English  occupation — 
Vivifying  power  of  railways — Influence  on  the  destinies  of  India — Outline  of 
physical  gec^raphy  of  the  Continent — Principal  divisions — Chief  rivers  of 
Hindustan — The  table  land  of  the  Deccan  —Western  gh6£s — Eastern  gh&ts 
— Principal  rivers  of  the  Deccan — Vindhyian  mountains — Satpura  and 
Aravalli  ranges — Alluvial  soil  of  Hindustan — Characteristics  of  Indian  rivers 
— Coast  line  and  paucity  of  sea  ports — Madras,  Bombay,  Karachi,  and 
Calcutta  the  focus  of  early  railways — ^The  first  three  main  trunk  lines — 
Early  projects — ^The  *  Great  Eastern  '  Railway  from  Bombay — The  *  Great 
India  *  or  *  Great  Indian  Peninsula  Railway ' — Early  history — First  sugges- 
tion of  the  guarantee  system — Early  promotion  of  the  *  East  Indian  Railway ' 
— First  despatch  recognising  desirableness  of  railways  for  India— Curious 
assumptions — Deputation  of  an  experienced  civil  engineer  horn  England — 
Committee  appointed — Proposals  for  main  clauses  of  contract  and  Govern- 
ment control — Report  of  Committee — Experimental  line — Discussion  of 
proposals — Views  of  the  Governor-General — Prolonged  negotiations — Pre- 
liminary agreements  signed — Principal  contract-terms  under  the  guarantee 
system. 

itroduction  Almost  exactly  forty  years  ago — or,  more  precisely,  on  the  16th 
to*IndS^^  April  1853— the  first  length  of  railway  in  India,  viz.,  the  20 
miles  between  Bombay  and  Tannah,  was  opened  for  public 
traffic.  Thus,  only  about  twenty-two  years  later  than  the 
first  introduction  of  railways  into  England,  was  planted  on 
Indian  soil  the  germ  of  that  wonderful  subsequent  growth  of 
trunk  and  brancli  lines  of  railway,  the  regenerating  and  awaken- 
ing influence  of  which  was  there  destined  to  produce  more 
extended  and  far-reaching  results  than  in  any  other  portion 
of  the  globe,  and  to  place  in  the  course  of  a  few  years  the 
India  of  pre-railroad  days,  and  the  India  of  the  present,  as  far 
asunder  as  the  poles. 

Who  cannot  recall  that  familiar  picture  of  India  of  the  early 
British  occupation,  handed  down  through  so  many  generations. 
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of  Knglislimt'ii  r  Its  vast  roiidlfsn  plains,  tst. upend oiis  inoiintftins^ 
nnd  alinant  ftnpaAKiil)le  rivers.  Ib^  gorgeous  wealth  and  abject 
|njnTty.  Itb  Muhtle  pliiloMjphy  and  deptlisi  <if  jfjPtissL'st  su|H.*r- 
stiHon;  tlio  singularly  unclittnged  and  apparently  immovable 
fmbiU  and  cu^tinns  of  its  deune  8wanu  of  dusky  iiihahitantii ; 
the  living  enilMKlinient  of  an  ancient  civilisation  extending 
backiimrdii  to  the  earliu^t  dawn  of  history.  A  land  M'hcre 
the  wry  names  of  innovation,  progress,  energ)',  and  the  prai.'- 
Iica]  art>  of  life  were  nnknowii,  or  were  ahliorred,  and  which 
niipcareii  sunk  in  a  letliargie  sleejj  too  profound  for  anv^  possi- 
bihty  of  awakeTUTig,  To  arouM.-  this  toqjid  niftss,  how  feeble 
in  nrtion,  and  Utn\  iiifiiiitfly  slow  in  resuU.s,  wouhl  have  Ix-en 
the  ^^e^t  eflort*  of  lM»;;lish  education,  English  laws,  or  even 
English  pmctical  scienoe,  m  disjilayed  only  in  the  construction 
of  roadti  aiul  irriiration  eunals,  had  not  the  mightv  agency  of 
xtefiin — and  imtre  ewpeeially  of  steam  hKoniotion — Ixvn  ealletl 
to  its  jt-wiiitjuice.  This  wonderful  vivifying  |K>wer,  scnrccly 
AppHeii^  at  once  connnenced  \is  iKMn^fiecnt  work,  ;um1  with  a 
yc#irly  increasing  rapiditv  outstripping  inmgination,  liaA  since 
c-ontinuetl  to  (piieken  the  puW  of  a  whole  continent ;  to  infuse 
n  healthy  circulation  into  the  wtagnaiit  lH>dv  p>litic  of  a  vH^t 
congeriet  of  peoptes;  and  to  urge  its  rising  energies  along  a 
new  highway  of  industry,  connnea-e,  and  material  progress, 
from  which  it  can  now  la'ver  rwede. 

Nor  is  it  posjithle  to  *iuppojie  that  this  mighty  u|)(stirring  of 
the  various  {peoples  of  India  will  not  be  tu:c4)in}mnii.'d  by  a 
Ipetientl  ItHist^idng  and  final  ca.sling  off  of  the  IraninieU  of 
jnipcr«titioii«  or  Ik'  unatteiuled  witli  n  corri>^|)onding  moral 
iirul  religions  advancement,  in  a  Innd  from  whence,  long  ages 
before  thi-  infjuicy  of  Hunijn'an  eivilisuition,  the  wi>rld  had 
alrt'tuly  received  ^^ane  of  tlie  tnost  proftanul  cotieeptionH  of 
the  human  mind  ;  a  laud  which  han  Ikx'h  the  birthplace  of 
JU1  elevatetl  numd  and  religious  phih>sophy,  enriched  with 
many  a  potent  genn,  and  rciuly  in  the  more  fertile  soil  of 
a  healthy  material  progre.ss,  and  under  tlie  infiuence  of  an 
Aiivaitctng  cnltun^  to  expand,  and  assimilate  all  the  n|W!*l 
pruducLi  of  Weslern  tluuight.  Uijder  the  guiding  <hnvtion 
of  Providence  it  i*  from  the  Hritish  nation  that  the  va«t 
continent  of  India  has  nveived  the  leaven  of  a  new  nionil 
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and  material  re^i;tn)eration,  wliicli  van  now  novi>r  cmse  to 
operate  until  it  has  raised  the  country  to  a  liij»h  Icwl  of 
power  and  oivilisation.  Tfie  mast  potent  factor  in  this  truly 
wonderful  rL-rsurrcction  of  a  wjiok*  pi.'o]>k*,  si)  visibly  Uiktn^ 
plat^E?  lK*fore  the  eyes  of  tlie  jiresent  generation,  i«  ntirnicfttiou- 
ably  tlio  railway  system  of  the  amutry  ;  and  there  is  little 
reason  to  doitht  that  the  powerful  onward  impetus  already 
imparted  bv  railv^ay  conununication^ — even  if  eveiy  other  in- 
strument of  En^jjlish  power  were  relaxed  or  reniovetl — wotdd 
continue  to  })rev;dl,  and  that  it  will  ever  remain  a  lasting 
memorial  of  tlie  influence  of  Great  Britain  on  the  destinii* 
of  India. 

It  will  thns  !w  a  matter  of  no  little  interest  to  retrace,  evew 
in  outline,  the  main  incidents  of  the  rise  and  early  develop- 
ment of  Indian  railways ;  but,  in  order  that  the  reader  mav 
intellit^etitly  follow  the  thread  of  such  a  narrative,  it  is  first 
necessary  to  cast  a  rapid  glance  at  the  principal  features  of  the 
physical  pjeography  of  the  country.  The  continent  of  India  is* 
however,  so  large  and  diversifieil,  that  in  a  mere  outline  deserip- 
tion  of  its  physical  g^'op;raphy  it  will  only  Ix'  possible  to  point 
out  a  few  of  those  broad  and  welkmarkeil  features  which  nion* 
speciaQy  aifect  the  operations  iif  the  railway  engineer,  India, 
considered  as  lyin*]f  between  the  mouths  of  tlie  Ganj^es  and 
lirahniaputra  on  the  ea.st,  the  line  of  tlie  Indus  on  tlie  west* 
the  Himalayan  mountain  ranges  on  the  north,  and  Cajie 
Coniorin  on  the  south,  Inis  an  extreme  len^li  of  about  1H(K> 
miles,  an  extreme  breadth  of  14tH),  and  a  coa-st-Hne  of  J5{iOO 
tniie;;.  Geographically,  the  country  is  divided  into  two  weJI- 
marked  natural  divisions,  diftVrin^  entirely  from  each  other  in 
physical  cliaracteHstics,  respectively  named,  'Hiuilustan^  and 
the  '  Deccan/  Hindustan,  com[>rising  the  whole  northeni  and 
north-western  portion  of  the  main  continent,  fronj  tlie  delta 
of  the  Gangeji  to  the  delta  of  the  Indus,  is  churiu'tfristicAllv 
a  great  alluvial  ])lain  of  only  nio<lerate  elevation,  stretched  out 
innnediatelv  at  ttie  feet  of  the  Hinialava!i  MouiiKiiiis.  'ilw 
Deccan,  i^  characteristictdly  an  elevated  and  more  or  less  undu- 
lating plateau  or  tableland,  occtipying  the  greater  portion  of 
the  whole  southern  extension,  Ijclow  Ilitulustan,  of  the  Duiiaii 
peninsula.     Hindustan  includes  a  large  portion  of  Bengitl 
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|)n;jirr,  the  upper  IVovincts  of  tlit-  ii(>rtfi-wL'?it»  tlie  riuijab, 
Sciiuit%  liajpiitaiin,  and  Guzfrat,  ami  extends  southwards  as  far 
iLH  XUv  luuiii  c'lirtiii  of  tlic  Viiullivi'iTi  nionTiliiins  a  chain  slrt'k'liinfr 
from  thf  Uvful  of  t Ik*  Hay — or  Gulf — t»f  Cjindmy  in  n  frtiKral 
narth-^iisterly  ilinrctioUj  with  ^f^^^'^'^'b'  diminishing  altitmlL\ 
ns  far  a?*  Ihi' *^rmt  southern  IxmuI  of  the  G!in<^i's  at  Hajuifdml 
in  llengal.  On  tlie  eastern  or  Ik-ngal  side^  tlie  great  plain 
country  i)f  Ilinditstan  rotnpris^es  the  humid  and  natnraUj 
fertile  (ielta  of  the  Gmi^e^,  and  its  surface  is  sci»rt*d  viith  a 
uittltitude  of  river  arms  and  water-channels,  att'ortHnj^  eiusy 
water  communication  in  almusit  every  direetion.  The  western 
Mui  noHh-wt*st<Tn  >*ide  of  the  «;R*at  aUuvial  tniet  consists  for 
the  na>st  pfu*t  of  dry  waterless  |»lain.H,  travenM,*d  hy  a  eoni}>ara- 
liveJy  small  nundaT  of  large  rivers^  some  of  the  most  extensive 
inftcrfluvial  retriou^  InnntF  priu*tically  desert,  antl  all  entirely 
defseiident  on  artitici/d  irri<;ati(}n  for  fertility*  Tiu'  principd 
riven*  of  Ilhidtistttn  are  the  Indus  and  the  Ganges,  which, 
riKiuif  in  the  heart  (}f  the  Hinvdayas,  autl  ftnl  hy  its  eternal 
Miow>,  flow— the  Jin*t  in  a  ijcneml  direction*  aorth  to  south, 
the  sectmd  west  to  east,  dir^elHirp^injr  themselves  into  the 
Arahian  Sea  and  the  Hay  itf  Weu^rfx]  n^speetively  at  Karaclii 
ami  ( 'ideutta.  ( onHuent  to  the  Indu^  are  the  remaining 
four  gnat  rivcrM  of  the  I'luijalK  vise,,  the  Jheluni,  the  C}a*nal>, 
the  llavi.  and  the  Suttej  (n^^peetively  the  ITydaspe?i,'  the 
*  Aivcesines,'  the  ' H vdra/otes,"  and  the  *Hysudriis'  <jf  the  Greek 
iiivii.<iioo).  The  tlina'  priia  ipal  trihiitnries  of  the  Gan^(^*s  are  the 
•fumtia.  the  tio*;ra,  and  tht'  Soiie.  Alon^  the  whole  northern 
iKrundarv  of  the  low-lyhi«2:  plains  of  Himlustan,  the  triple 
Iliumlavafi  chain  of  htftv  inouutains  present— mid  will  proh- 

IAblv  fi»r  a  h>nj;  time  continue  ti»  [ireseut—a  practically 
ImpeiietniUle  kirrier  to  railway  extension  in  their  direction. 

South  of  the  principal  \  irulhyian  thu^v  of  Unsit  monntains^ 
which  stretch  ri^ht  aeros>  Inilia  from  the  <iidf  of  Candmy  to 
|}h*  <>an^-!^  at  Hajnmhal,  the  main  portion  of  the  pcntMsula  is 
oreupied  hy  the  high  tahUUnd  of  tlie  *  IKvean/  This  elevated 
platemi  thx**  not,  h<>wevfr,  for  tlie  most  part  extend  to  the 
Mrtiud  sea-c(ja.>t.  Along  the  whole  western  stca-bo4ird,  from  the 
'I'upti  river  to  (  aja- Comorin,  the  high  land  tenninaU^s  abruptly 
in  Btwp  pnx'ipilou:*  bIo|h'k  and  Ixdd  rocky  hlnflV.  ii.iving  fi  ln>i 
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lying  maritime  plain — seldom  more  than  about  30  miles  in  width 

— ^between  them  and  the  sea.  Tlie  edge  of  the  high  land,  from 
the  Tapti  to  a  gap  which  breaks  through  its  wall  at  Palghit, 
in  the  neighbourhood  of  Coimbatore,  is  called  the  '  Western 
gh&ts^  or  'Syhadree**  mountains.  The  general  elevation  of  its 
ridge-line  does  not  exceed  3000  feet  above  the  sea,  and  it  is 
nowhere  less  than  about  ^00,  but  it  reaches  5000  feet  at 
Mahableshwar,  and  6000  feet  in  Coorg,  to  the  south  of  which 
the  Neilgherry  range  of  hills  trends  inland  in  the  direction  of 
Madras,  on  the  opposite  coast.  Below  the  gap  at  Palgh&t,  the 
range  of  gMts  extends  to  the  extreme  southern  point  of  the 
peninsula  at  Cape  Comorin.  The  average  breadth  of  the 
crest  of  the  Western  ghatit — ^presenting  a  more  mountainous 
character  than  the  general  tableland  to  the  eastward — is  only 
alwut  10  miles,  although  numerous  spurs  are  here  and  there 
projected  across  the  plateau  for  a  further  distance  of  20  or  30 
miles.  Towards  the  southern  end,  however,  the  mountainous 
district  reaches  40  miles  or  more  in  width.  In  order  to  make 
more  plain  to  the  reader  the  extraordinary  nature  of  tlie 
obstacle  presented  by  the  line  of  the  Western  gkais  to  the 
progress  of  any  railway  in  the  direct  inland  line  from  the 
coast,  it  is  necessary  to  point  out  that  these  ghats  are  not 
to  he  considered  as  a  range  of  liills  or  mountains  through 
which  a  more  or  less  difficult  passage  might  be  found  by 
following  the  direction  of  the  main  valleys  on  either  side, 
with  or  without  tunnels  at  the  summit,  but  they  consist  of 
what  is  virtually  an  almost  vertical  step,  forming  a  kind  of 
retaining  wall  to  the  Deccan  high  lands ;  so  that  a  railway 
attacking  them  from  the  west  has  to  climb  the  face  of  what 
is  practically  a  line  of  sheer  precipices,  from  2000  to  3000  feet 
in  height,  broken  only  along  its  front  by  deep  rifts  or  ravines. 

The  narrow  and  low-lying  maritime  plain  situated  below  the 
ghats,  along  the  western  coast,  is  occasionally  broken  by  low- 
hills,  and  is  intersected  by  the  estuaries  of  numerous  mountain 
streams,  which  descend  from  the  rocky  channels  and  gorges  of 
the  high  land.  From  the  edge  or  ridge  of  the  Western  ghats 
the  elevated  plateau  dips  away  to  the  east,  terminating  a  short 
distance  before  reaching  the  Bay  of  Bengal  in  a  line  of  hills 
of  more  gentle  contour  than  those  on  the  west,  called  the 
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'  Eittstcni  ^hiiU,^  Tlio  upper  tHblL^lnniJ  \>  travLTswl  by  « 
number  <>f  fjreat  rivers^  wlucli^  rising  oh  the  spurs  of  the 
^klitt  i«i  tlie  \ve>tt'rn  sitle  of  ihv  ^H'liiusuliw  fltiw  lUTOSs  the 
whole  extent  of  tin*  phiteuii>  hrvnk  iUmuf^U  the  line  of  Eftiitcm 
^^iSf  and  descend  into  the  Hay  of  Ufu^al.  "^fhe  cliief  of  thew 
rivers  ure  the  Kistiui,  tlit'  (itHliiverv,  find  tht'  Mahanadi,  each 
having  many  hir<je  iuul  i»ii}>ortant  tributario?;. 

The  Vindhyijui  inountiiitLs  fornnn^  tht  northern  bountUry  of 
the  Decemi  tabU*  hiniU  are  cotnpf»r^o<l  of  three  distiiirt  chains* 
^iz.^the  nu»st  iiortiiern.  orSAravalli^  range  of  hiUs — gt-ugraphi- 
hllUv  jtitiiated  ill  liiniiiLstaii — the  central  or  main  Vlndhvinn 
rankle*  antl  the  MHitheni  or  Satpura  raiipe  of  Jowcr  hilb,  He- 
t^Lvu  tlie  Annulli  and  \  indliviaii  line  of  mountains  the  river 
Chntnbal  Hows  iiorthwiirdti  to  the  Junnia  :  between  the  Vindhyian 
And  Sal|njrii  ranker*  the  threat  river  Nkirbudiirt  Hows  in  a  westerly 
<linrtion  U*  Ihe  ( iulf  of  Candmy  and  the  Arabian  Sea»  whilst 
rising  frtnu  ni'ijihlMnirinf^  sinirt-cs  theSone  river  Hows  iiorth  and 
eA>twards  lo  the  (i;ui^*s.  Tiie  Deeeaii  geographical  divisir>n  of 
India  comprises  all  the  tVntral  IVovinces,  tlic  ^^rcatcr  part  of 
the  Iloinbay  Presidency,  Hydralwil,  Mywirc^  and  the  whole 
of  Madras. 

0\vr  ihe  va^t  extent  of  the  ^-at  plain  eountry  of  Northern 
India  or  Slindustnn.  with  entail  exception,  the  sfiil  is  an  alhivial 
ilepoHit  of  Hne  siiud  and  clav  reaching  to  an  unknown  depth. 
InterniingU'd  with  this  soil  is  foinui  iinirien.-e  (pianlities  of 
kyrtka^  ii  concretion  of  earlnmate  of  lime  and  clay,  either  in 
the  fonn  of  haril  notlidc«  or  in  thin  lieds.  Tins  sulMarieet 
which  can  l>e  colhvtetl  with  facility,  yields  when  hunied  ajk 
excellent  hvilrnulie  lime,  admirably  adjiptetl  fur  hnihlin^ 
purpttiCJi. 

From  the  poinU  of  view  of  the  rjulnay  engineer,  the  nuist 
important  charMcteristies  of  the  rivers  of  llin<hihtan  are  their 
|^*iLt  a\eri^te  f*i/.e,  the  innnen.Hi*  v(»liLuie^  <*f  water  pericMhcally 
brought  dtwn  by  llw'm  lUirin^  the  senMms  tif  HoikI^  the  often 
cnornioan  extent  (»f  their  imnidation^i,  and  the  erratic  and 
iiiwtiihle  rlmnw'ter  iti'  Iheir  channels.  'I1ie  riven*  eomtnonly 
occupy  lirofld  shallow  valleys^  varyinjf  fnnn  a  mile  to  7  or  H 
niiWft  iu  width.  Tht^e  valle^>  are  lx»unded  hv  lovv  nmrginitl 
kft  of  varying  Im  wMb,  (m  nliieb  Ifir  ]»rineipH]  towni*  and 
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villages  art?  placed.    Within  Mil'  liiiiils  cif  dt^^tioii  iiiijmMnI 
by  these  more  or  leas  pernrndoiit  banks  the  rivers  at  all  times 
wander  «.t  will,  or  sometimes  during  tlie  geHMJii  of  HimhIs  the 
greater  part  or  the  whole  of  the  sIihUow  valley  may  he  tilUnl 
with  tur^^itl  water,  spilled  fniin  the  tortuons  main  ehawii"' 
whieli  alters  its  eoiirse  through  the  vnllev  from  season  to  swi^oii 
according  to  the  &et  and  wearing  action  of  t]»e  current  against 
the  light  alluvial  soil  tfirougli  which  it  runs.    In  the  luivef 
reaches  e^peciaih%  owing  to  the  heavy  annual  deposit  of  sil 
brought  down  l)y  tJie  rivei-s,  much  of  the  jjlain  cimiitry  rcinot 
froni  the  banks  is  at  a  lower  level,  nnd  is  subject  to  ])enodicfli 
iiiuiulation  thmugii  the  water-courses  or  nulhta  which  ijiter- 
sect  the  marginal  higher  ground*    The  large  rivers  of  th 
Punjal),  llcjwing  through  vii*t  level  jilains  of  liglit  alluvia 
deposit  ai'e  of  an  exceptionally  erratic  character;  the  cimr? 
taken  by  their  main  channels  varying  over  wide  linnts,  so  t' 
the  w<»rks  necessary  to  constrain  the  l>otlv  of  the  stream  ta 
preserve  a  reasonably  pcnnanent  alignment  in  the  neighbour 
hood  of  bridges  crossing  them,  and  the  net  width  of  waterwo 
tt)  be  allowed  to  such  lu'idges,  are  among  the  most  diflirnl 
problems  the  railway  engineer  in  I'pper  Intiia  is  calknl  upon  t 
solve.    Over  tlie  higher  and  more  hilly  region  of  tJie  Decciu 
and  soutli  country,  with  geological  formations  of  greatly  diver 
sified  character,  the  more  define<l  catehnu'ut  bai<!n?*  of  the  rive 
tt>gether  with  the  comparatively  fixed  and  permtment  locati 
of  their  channels^  reduces  these  particular  difficulties  to  ni 
ordinary  proportions. 

In  all  eountriey  having  free  access  to  the  sea,  the  large  com 
mercial  ports  arc  among  the  principal  natural  centres  frm 
which  tnink  lines  of  railway  will  radiate^or  (he  lernifui  tow^urd 
which  they  will  be  directed.  This  is  most  markedly  illustratet 
in  India,  where,  notwithstanding  its  5(>()0  miles  of  coast-line 
convenient  conunercial  sea-ports  are  ??iiigularly  few  and  scanv 
Along  tile  whole  extent  of  the  etiiiteni  eiMist,  from  tlie  liend 
the  Bay  of  Uengal  to  Cape  Comfirin,  no  really  comtnodio 
harbour  exists.  Madrtus,  hituateJ  on  the  eastern  coast,  i» 
important  railway  centre,  as  the  seat  of  a  Presidency  (Tovem 
ment*  but  lia-s  no  natural  harbour,  and  can  take  but  little  nui" 
as  a  conunercial  seaport.    On  this  side  of  India  the  only  p~" 
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ticiiblf  |jurt  for  lar|j;e  Khipj*  is  t'ak'iittft,  situated  100  miles 
inl/ind  on  one  of  tho  mouths  of  tlie  Gaugfs  called  the  Hocjghly, 
tlmiu^li  wliicli  tlu*  navigation  is  iiitrioile  nnd  more  or  less 
ikn^iTtms.  (hi  I  Ik*  wi-sUtii  tOH^sttlu'  t>tily  fummwiul  harbours 
of  any  considorfition  iifl'  Hoiiilviv  nnd  Karachi,  of  which  Bombay 
is  hv  fitr  thf  iiiiist  foiuiiKxliiHis  nnd  oxteii^^ive.  Practically, 
thcn  fon*,  iUi!-  itTi|)ortant  scrtjiorts  of  India  arc  limited  to  Od- 
cutta,  Itoinhayv  ami  Karachi,  the  cH[jahiIitie»  of  the  last  beuig 
tunipanilivi'lv  siiialK  nnd  of  recent  dcvclo])mcnt. 

It  wa-H  tlicreforc  from  Bomlwiy,  the  true  commercial  captt&l, 
and  from  Calcutta,  the  political  captt^al  of  India,  that  the  two 
tirst  ]im.'>of  railway,  vi/,,thc  *  Great  Indian  Peninsula*  anil  the 
•  tiast  Iridiaii/  emuaated.  IJoth  these  trunk  lines  were  pro- 
irctcd  and  were  commenced  at  about  the  same  time,  altliough 
it  was  a  short  and  vnsv  length  of  the  foniier  tliat  was  first 
opentii  fur  pohiir  tralfic. 

It  will  be  obvioiui,  on  a  first  inspection  of  a  map  of  India, 
beftriiiK  in  view  the  pciHtieal  and  cominercial  importance,  and 
the  rel**livf  positiims  of  tliL-  three  Presitlencv  capitals — Calcutta*, 
Homhay,  and  Madras — that  three  trunk  or  main  lines  of  rail- 
w«y  will  Ih"  of  primary  imj}ortauce,  vii^.,  one  from  Calcntta,  foU 
lowing  the  jjencral  c<tursf  of  tl»c  valley  of  ihc  Gnnj^es^  towards 
Delhi,  nnd  onwards  to  t^hore  and  the  north-western  frontier 
<if  ihi*  Punjah  ;  one  from  IkMulwiv,  meeting  the  Hrst  nearly  at 
right  an|r|c.s  MHHcwhcru  initlwuy  lictwivM  CaUutta  and  IX'lhi  ; 
lutd  one  CMmntrtin^  Matints  with  Ikmdiav.  The  two  tiret  were, 
in  point  of  fuct,  the  eiirltest  lines  undertaken^  and  are  those 
which  governed  tlie  fortunes  nf  the  iniiiicdiatcly  succeeding 
milwft_>*s.  A  rapid  nketch  of  their  early  history  will,  therefore, 
Mfne  to  illustrate  llic  story  of  the  introduction  of  rnihvnvs  into 
India. 

So  early  as  the  year  184<)  or  projects  for  extcjiding  the 

iMmHitji  of  niilway  eonmnmication  to  India  ap|>car  to  havt-  been 
diMTUsM^d  by  engintvrs  and  private  capitaliwls  in  England,  but 
it  waft  not  until  two  or  three  vcar>i  later  tliat  the  Honourable 
Court  of  Dirtvtors  of  the  Ivwt  India  (Vin»]>Hny  \va.s  approached 
with  ait V  definite  i>r(fju»sjds.  At  thiH  time  t fie  Government  of 
India  wiw  pa^wve,  if  not  actually  hostile,  to  the  idea  of  intro- 
ducing ruilwavH.    No  doubt  the  nuire  enlightened  miiulis  l>oth 
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ill  India  aiul  in  K»ji(laml,  wltl'  fullv  alive  to  l]ie  a^lvant/ige 
cvrtain  to  uctnie  to  the  ctnmiu*n-t'  of  tho  two  countries;  but  i 
wm  nut  fomvivt'd  [jossnjU-  timt  IIil*  va.st  niiunmt  of  cHpikiil 
reniiiivti  could  bf  raini'd,  or  that  Mifti(*iL*nt  iniiuroim*nts  (*\istcd 
or  could  lie  hvld  out  to  public  investors,  wliicli  wuuld  pivvail 
upon  Wwm  tocndiark  mota-y  u]>on  so  visionnrv  anti  unciTtaiii  un 
riitciijrise  iis  vm\\Vi\\^  in  liitlia.    It  was  juisunu'd  that  the  voii 
structiou  and  management  of  milwaysctmld  t)nly  he  undcrtnkf 
Ijy  private  enterpnse  and  tapital,  and  that  the  novelties  and 
unknown  ditiiL  ultioH  of  their  introduction  into  so  distant  atiii 
backward  a  eonntr)',  would  he  «uf!icifrit  to  inspire  the  gen 
jjuhlie  with  rertain  diRtnist  in  tlie  sqieciilation. 

In  thr  year  1843,  on  tlie  invitation — as  generally  snp|>o*eil 
— of  tlie  then  Governor,  Sir  Georj^e  Arthur,  j\Ir.  G.  T.  Clerk, 
a  railu'rtv  engineer  who  had  been  emplovetl  on  iJie  Gn-at 
Wu.stfrji  Iliulway  in  Kn^landj  went  out  to  lk>nil>ny  in  order  to 
Ktudy  oTt  the  s|Jot  ttie  fiu'ilities  for  railway  eonslruetitni  from 
that  ])ort  to  the  di^^ti  iets  alane  aral  lu'Vond  the  line  i]f  ^Vesterr 
ff/inLi.     In  tlie  foUcjwing  vear  a  roiiiiiiittee  for  a  railway  com 
pany  was  oriranihed  in  Uond)ay,  having  for  its  object,  in  th 
fiist  instance,  the  construction  of  a  line  of  railway  fitim  th 
port  to  tlie  foot  of  the  ^'7fa/.¥  (jnly,  hut  thih  inaderpiate  ncheni 
Wiis  soon  na-rged  \n  another  as-sociation  having  more  extende* 
ainiH,  to  he  named  the  '  Grirat  Hastern  Haihvay/    Mr,  Cler 
originally  atlvoeatfj  the  construction  of  a  Utu'  Unmehing  off  int 
two  lines  at  Callian,  Ihe  one  surmounting  tfic  line  of  Weste 
g'hiit.s  to  tlie  north-eniit  hy  the  Tliiill  ghftt  towards  Caiuleih 
tlie  other  passing  tla-nj  to  the  south-east  by  the  Bhore  ^j'An/,  i 
the  tiiiX'ctioti  of  ]\H>na  and  Madras,  on  a  genera!  alignnien 
alniosit  identical  with  tliat — after  many  intermediate  vicLini 
tudes — suh&et|neatly  adojiteiL    This  sehena'  wtu*  warmly  *^ir|" 
ported  botfi  by  the  Governor  and  the  Chandler  of  Counner 
tif  Bomiiay,  but  it  failed  to  meet  the  approval  oi'  a  connnitt 
of  military  olHcers  appointtti  to  report  on  it  by  the  Govern 
nient  of  India,  it  l>eing  heheve*]  that  the  obstacle  }»x»M'nted  l> 
that  range  of  nteep  aiul  lofty  precipices,  running  |>arallel  wit 
the  iiea-coast  at  a  distance  of  abutit  iiO  miles  inland,  tailed  th 
Western  ^''/(fl/.y,  prt-j-ented  a  practically  insurnioimtable  Imrrit 
to  any  fconmnical  railwav  con?itnu"tion  in  the  direct  easterl 
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lint'  frtmi  H^mifxiv.  The  '  Great  Eai*tem  HailMiiy  "  !vcla*iiic  ibr 
ihe  prcheiit,  therefore,  remained  in  al)evnnce. 

Ill  Hit'  nu'iiiiliDir  a  Mr.  C'hjipninii  htid  Ucvu  hn«*ilv  fn>fafjrt'd 
ill  Kngkuiil  in  |>ivpariii<^  iiutl  HdviH-atiii*;  Itu*  rdriiiatton  of  <i 
oimpany  for  ;i  viist  sL'hLMiir  of  railway  cntrrprise,  intended  to 
emUrat'^  llie  ^li*»K'  (if  Inclin  in  its  st'oiit".  This  project,  wtiirh 
tcKik  tlie  iuitbiliini,"*  titU-  i»f  the  *  Gri'at  IiuliaJ  or  *  Great  Indian 
I'enimula  Hailway/  wa.»i  Ut  evteud  n  trunk  line  due  east  from 
liaiiibay,  up  the  ^'/tn/s.  iiiu\  rij^ht  arross  the  peniDsula  to  a 
Itarbour  at  the  itiouUi  of  tfie  {rodawrv  river  on  the  opposite 
cuast,  almost  lialf-way  between  Caleutta  and  Mmlras.  Lines 
of  mil  were  to  skirt  tile  coasts,  and  as  snon  as  tilt*  main  trunk 
line  hail  hurinotniti.ll  the  ^hAt.'t^  hranelies  wviv  to  di\er^e,  one 
uortJl'eiwt  to  AILduihad  on  the  GangCH,  atid  mie  soutli-o^ist  to 
Madra«>,  from  wliioh  lini^jj  tilher  branelies  were  to  raniifv  prae- 
drally  all  over  IiuHa. 

Mr  (!*hapirian«  on  UMiniinf?  what  was  IxMug  done  in  Bombay^ 
propoMxl  an  ama!*ranifttion  with  the  'Great  Eastern  Railwny  ' 
pnmiofi*r>.»  and  I'Vi-iitunlly  ihv  hittt-r  iLssociation  vrixs  mer^'d 
into  the  *  Great  Indian  Peninsula'  Corapany,  Mr.  Clerk  \)o\npr 
Appointcxl  eugiiKvr  in  India,  Tlie  IJomhay  eonnniltee  wer^.', 
however,  naturally  adverse  lo  the  pro]Miwd  of  a  trunk  hue 
mcnyv.  the  peiiinsuta  to  the  opposite  coast,  chieHy  on  the  ground 
that  it  would  \h'  of  niiniinuni  henetit  to  Himilwiy^nnd  that  oTie- 
luijf  wimhl  1h'  a  contprtuit^  line  to  tlie  other  half.  In  the 
nieantiaic  other  promoters,  IntlU  on  the  side  of  (  nlcuttn  and 
Madra*,  takhi^  the  tield,  the  'Great  Indian  Peninsula*  prt>jt»et, 
fttthough  still  adherinf^  to  it?*  amhitious  uai4ie,  gradu/illy,  by 
the  ye*r  1845,  came  to  a'lntriet  its  se(»|>e  to  a  system  desi^nint 
only  to  coniuvt  witli  lioudiay  the  prineipal  producing  d(Htriet.s 
situated  at  a  reaMHudile  distjuiee  iKvond  the  ^hais.  'J'htwe 
fektxlucin^  ilistrietj*  lay  to  the  north-eaat  and  wmth-east  of  the 
^ort,  and  any  direet  line*  tti  them  tmist  utrexvirily  bifurrate 
below  the  and  mount  tlunu  In  two  separate  aiMents  but 

those  ghat  Ascent>  involv**!!  Htupen*hms  engineering  (Ijflieidtiej*^, 
mml  the  >n^^at  IkxIv  of  the  jiroinotrrs  were  [ire^iarixi  to  Siicriliee 
ilir^ftnev*  in  favour  of  one  eentnd  aseent,  lo  Ik-  situaleil  at  the 
MaUvj  ^hut^  with  a  bifurcation  somewhere  Hlane  instead  of 
below  the  line  of  ^hdtjt,    Ljiterand  fuore  detailed  inve.Htipition. 
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however,  Ictl  to  nn  nliandonmcnt  of  this  idea, mid  a  rcveraion  t 
the  original  design  of  the  *  (Iroftt  Kastcrn'  schema,  vix,,  tw 
separate  ^///i/  ascents,  nne  to  tlie  north-piist  and  one  to  th 
south-east  of  Bombay,  w  hicli,  as  we  hhaW  see  in  tho  followiti 
ehapter,  was  the  course  eventually  adf>pted  and  carrieti  out. 

It  was  from  the  early  '  Great  India*  (jr  '  Grc-at  Indian  Pt'nin 
sula^  C'liiiipany — the  promoters  of  the  visionary  wiienie  of  eon 
strucling  a  main  trunk  line  of  railway  rightaicross  the  peniiuula 
fnim  Boiiihay  to  Caringah,  at  tlie  mouth  of  tlie  Gixiuvery  river 
— that  the  lirst  suggestion  for  a  (.ioverinnent  Guarantee ap|H?ar9, 
to  have  emanated.  In  November  of  the  year  1844,  through 
their  agents  in  India,  the.se  promoters  proposed  that,  in  order  to 
stimulate  tlie  ardour  of  those  persons  Neekiug  safe  invt^Htlnent-s 
at  moderate  rate.s  of  ijiterest,  the  Government  of  India  should 
offer  a  guarantee  of  4  per  eent,  from  the  date  of  o|)ening  the 
railway^  or  any  portion  of  it,  with  a  pruviso  tliat  if  tlie  profits 
exceeded  10  per  cent,  the  surplus  shotdd  l)e  devoted  to  a  fund 
expressly  approprinletl  to  a  furtlier  fxtejision  of  the  lines  under 
the  eonipany^-^x tensions  subject  in  their  turn  to  a  Mniilar 
guarantee.  The  duration  of  the  arrangement  was  to  he  limitt^l 
to  some  term  *if  years  to  l>e  agreed  upon.  It  i*  needless  to  say 
that  these  proposals  did  not  meet  with  aeceptance,  but  among 
tlie  numerons  railway  pronioteis,  who  had  by  tliis  time  begun 
to  turn  their  attention  to  an  Indian  field  of  oiJeriiliouH,  it  was 
very  early  seen  that  there  would  be  little  probability  of  raiding 
in  the  public  market  any  capital  adequate  i'itr  Ihe  purposes  o 
railway  enteqjrise  in  India,  unless  the  Honourable  Ea^t  India 
Company  were  willing  to  offer  some  kind  of  security  for  the  money 
advanced.  Among  the  lines  mooted  at  tlie  very  envliest  elate 
wa*  one  which  took  the  name  of  the  *  Eu.st  Indian  lluilway,' 
having  for  its  object  the  construction  of  a  line  starting  from 
Calcutta  and  following  the  Mirzapore  road  for  adisbineeof  140 
miles  towards  Allahabad— Mn,  afterwards  Sir  Donald,  Stephen- 
sou,  being  tlie  principal  promoter  At  the  end  of  the  ypiir 
1844  the  managing  director  of  tliis  projMjsed  Company  sug- 
gested that*  in  order  to  encourage  the  iiitn»duction  of  ruiH'nrs 
into  India,  the  Govenmient  should  adopt  a  plan  theii  working 
succesHfully  in  France,  and  gunrantec  a  mininunn  dividend  to 
the  railway  shareholder^)  from  the  date  of  opening  the  lim^  for 


RAILWAYS  IN  INDIA 


bnfflc.  Negfjtiations  were  opuned  on  this  hf\s\s^  Tlie  com* 
y  proposed  a  guarantee  of  4,  sulMie<|tiently  lowered  to  iJ,  per 
cent  on  a  eapibil  fxpfjulitiire  ivliich  was  not  to  exceed  one 
uiillion  ?;ti'rliii{f,  or  an  annual  lionus  of  J.yOjOt>0  until  the 
profits  ftJiould  reat^h  3  per  cent.  Soon,  however,  t3»e  important 
moilifjcution  was  ititrofluced,  that  the  interest  sliould  be  gunr- 
luitci'd  from  tlie  cuminencement  of  opt;i**itions,  iiiHteaJ  of  from 
the  dnto  of  opening  for  trattic.  The  Honourable  Court,  of 
Din^'tors,  ufter  due  considerfttion  of  thesPj  together  with  the 
various  propo^'ds  made  by  other  nascent  com])finies,  suidre^sed 
All  tni|>(irtjLiit  drspntch  to  the  Governor-General  in  India,  call- 
in"?  attention  to  tlie  wfiole  question  of  the  introduction  of  rail- 
wa\n  into  tlwit  e4>Lnitry. 

This  despatch,  datetl  Tth  May  1845,  is  interestuig  as  lieing 
the  firtit  oJficiid  recognition  of  tlie  desirableness  of  railways*  for 
India.  It  ctrntaius,  niorei>ver,  some  curious  iLssutnptions  uliidi 
hare  betii  signally  falsified  by  the  event,  and  apprehensions  of 
|K*c*ubar  diHieultie.s  in  railway  construction  which  have  not  in 
pmctict."  been  seriously  experienced.  It  was  a>isumed^  on  ^romkds 
which  proimhly  few  at  that  time  could  liave  called  in  c[Ues- 
tion,  that,  contrary  to  the  exjiorienee  whieli  had  Ixi-n  already 
|£uined  in  Kn^land  and  Kuro|X',  the  '  rennjneratiou  from  railroads 
in  India  must  for  the  prejisent  l>e  ilrawn  chieHv  from  the  convey- 
ance  of  merchandise,  and  not  from  passenp.'rs/  It  was  a}>pre- 
heiidLHl  Mint,  in  uddititm  to  tlie  <»rdiiiary  ilillioulties  common  to 
milrcnuls  in  all  countries,  there  were  others  peculiar  to  India 
which  woukl  Ih*  almost  iiLsnpemble,  audi  as  the  violence  of  the 
mrrin^liral  rains  and  inuiktations^  theeuntinued  action  of  violent 
wiiuiti^and  the  inHuences  of  extreme  heat ;  the  rava^-s  of  insecLn 
mxui  \cnnin,  and  the  destructive  efftx't*  of  s^pontaneou.s  vetjeta* 
Ban  on  timber,  earthworkti*  and  masonry  ;  the  uncnett^-d  and 
unpn»!ei'tt\i  nature  of  the  tracts  4>f  ctmntrv  tniVfrnt'd,  ami  the 
diflieulty  and  evjH'nse  of  securing  tlie  M^rviees  of  competent 
enjjineerH  and  engine-drivers.  In  view  of  tht^e  consitlenitions 
—of  no  small  weiglit  in  the  year  181^5 — the  <lespateli  fnun  the 
Court  of  I)irectof>;  was  soon  followetl  l)y  the  deputation  from 
Ciigljuid  of  an  experienced  civil  engineer,  who  was  seleetetl  its 
e*]->ceiaUy  ctmversant  witfi  railway  *]ut*stions  and  retpiirenienhii, 
Tliv  gentleman  selectetl  was  Mr.  Sinim.%  Civ,  who  arrived  in 
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Calcutta  in  SeptcmbtT  1845.  lie  was  iristnictod  to  t'XHmine 
into  tliL'  whole  4[ui.'stion  of  tin-  a]>[>lk'ii!>ility  of  railways  for 
Indiii  in  uU  its  Ix-iinn^,  arnl  it  wils  tlirtvlerl  thiit  two  competent 
inilitHry  eii'^iiieer  o)fici'i%  t^)  lie  appointvd  by  tlit'  Govrnnuent 
of  Inilta,  should  Ik*  asswirttrd  with  Iiitii,  anff  flu- cominittef  thtx 
fornietl  wt?i*e  to  iiivc^.tig'tLtL'  and  ri-port  on  tht*  wholt*  luattiT,  aiid 
to  suggest  some  inocitTatc  atid  convenient  lenjjth  of  lint-  which 
might  lie  urulortakcti  as  a  sort  of  cxpfri merit.  The  dirtrtorv 
alfio  made  ctTtuin  trcruTa!  suggestions  witli  regard  to  tJie  UAture 
of  the  control  to  be  exercised  by  Governtrxent  over  iiny  niilwavs 
that  might  Ik*  inlrnsted  to  the  jii^encv  of  private  capitftli^t-s 
or  contpanies,  and  recuuuneiuled  tliese  suggestions  for  coiiHideiH-' 
tion  and  comment. 

In  February  I84(i,  Mr.  Stmins  drew  a  set  of  propuseil 
stipulations  for  the  main  elauaeB  of  eontraet  between  the 
Government  and  private  railway  eompanien.  In  return  for 
certain  concessions  to  lu'  made  by  the  former,  the  pnnei|inl  i>f 
which  was  the  very  moderate  one  of  a  free  grant  of  liiiid,  com- 
panies were  to  Ik*  subject  to  a  most  coin|)lete  an<l  minute 
governnieut  regulation  and  control,  and  at  the  expiration  of » 
lease  of  certain  deHnite  duration,  the  railway,  in  perfect  order 
and  repair,  wni*  to  be  Imnded  over  to  the  Govemuaent  witbtait 
pivment.  In  addition  Mr.  Simms  suggf»sted  tliat»  if  tlioiigfit 
advisal]le,a  htnall  [icrcentage  miglit  be  guaranteed  on  the  aetu^U 
capital  cost  of  the  works  from  the  date  of  o|K?ning  for  tratfie. 

In  the  same  motitli  the  eonnnittce  of  engineer.s  ^ubmitleti 
tlieir  report  on  the  general  applieabilit.y  of  milronds  to  the 
conditions  and  circumstances  of  IncHa,  and  on  the  npprehended 
peculiar  elinintic  and  other  dillieulties,  which  tliev  bad  been 
invited  to  consider.  On  the  general  question,  the  committee 
was  of  opinion  that  milways,  far  fn>ni  Iwing  inapjiHcaljle,  wctp, 
on  the  contrary,  quite  capalde  of  being  eonstnu'ted  and  main- 
tained in  Tmlia,  as  perfectly  as  in  any  pad  t>f  Europe,  luid,, 
moreover,  tliat  Mieir  intrtKluction  wiw  u  great  desideratum* 
With  regard  tt»  tlie  apprehended  peculiar  diffievilties  t*num«*i> 
ated  by  the  Court  of  Directors,  tliev  admit  tlicir  exintence  in 
home  degree^  but  regard  them  as  easily  sunnountable.  Seriatim, 
each  item  is  gravely  discu-ssed,  ;md  it  is  qnietlv  einincintc<i, 
poasibly  with  some  satire,  that  ?iuitable  arrjui^entents  in  tile 
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cronstruction  of  the  works  will  overcome  aiiv  tltfficulty  likely  to 
artM^  from  ih&^c  caiLscs  to  the  line  itself,  nor  do  tlit'V  insider 
them  to  bc'  of  n  nature  to  prevent  an  immediate  prosecution  of 
mtlwAy  tfntvq>rist'. 

The  cotnTnittcf  in  a  lontj  and — considering  the  extreme 
paueltv  of  d  ft  til  existent  (it  that  time — wry  able  report,  reeom- 
mend  the  introdiietiou  of  railways  into  India  by  tJie  agency  ef 
private  coin|M»nies,  and  advtKate  the  construction  of  a  line 
foUowiiifr  rv  direct  nnite  fnnii  Calcutta  to  Mir/apore,  and  thence 
to  lX*lhi,  with  vaHous  latere!  hranches.  If  a  short  exj^eri- 
cnentaJ  line  in  considered  neecs&ary,  they  advise  one  between 
two  inrpnrtant  centres,  such  as  Cawnjwe  and  Allahabad*  or  a 
flhorter  hne  Ijetweeri  (.'aUntta.  and  Barraekpire.  The  committee 
in  thtnr  rq>ort  did  not  enter  into  the  <|uestion  of  the  cost  of 
c'  ion  of  niilvvays,  or  the  probalile  reinnneraUon,  but 

,  hiter,  on  iH'iiig  pressed  for  their  opinion  on  these 
points^  reporteti  X'H,(H>0  to  i?15,000  per  mile,  without  rolling 
jitrftck,  as  the  prolmbh'  initial  ontlnv — an  estimate  not  very  far 
from  the  truth  for  the  earlier  !>roail-^iti|;c  lines  ;  hut  thev 
declined  to  give  an  opinion  on  the  proludile  returns,  being 
entirely  without  data  on  which  to  iMLse  an  estimate, 

Mr,  Simms*  Mi^tfe-stioiiN  for  contract  with  milway  mnipaniea, 
end  the  riiH>rt  of  tlie  engineering  committee,  were  then  taken 
into  con'iiileration  by  the  Government  of  India.  Lord  Hardinge, 
tJie  (iovernor-Cieneral,  wa.'^  at  the  time  alwent  from  Calcutta, 
thr  qtiei^tion  wn-s,  therefore,  diweussed  liy  the  ])resiflent  (Sir 
HorlxTt  Mallock)  an<l  niendx^rs  of  council.  The  prop>sal  that 
tii>vemment  sluadd  provide  land  free  of  ct>st  wrti>  uiiaiiimonslv 
approved.  In  view  of  this  concession  it  was  not  considered 
nroi^eviry  lluit  any  guaranttx'  of  interest  should  \yo  ofTeretl,  but 
all  the  metnlMTs  were,  iievcTtheless,  agrt^tl  in  tlu*  opinion  tliat 
the  fulle^t  jMiwcr^  ufdirtH  tiug  the  con?^tniction,  and  controllitjg 
the  nmnngftnt'iil,  of  all  railways  shoulil  remain  with  the  Govrni- 
meitt.  Mr.  Siniins*  pmposal  tliat  niilway  conijianies  should 
delivxT  over  al  the  temiinatinn  of  their  leaM.'  the  whole  railway, 
ftve  of  cost,  wiLs  ohjfctetl  to  on  the  olmoos  groond  that  it  wn* 
htghlr  imprcjhable  that  any  projwton>  wtmld  agree  to  such  an 
■mngerui'nt  ;  it  wa.H  considered  quite  sntliciejit  to  sivure  to 
Government  the  option  of  punhiLse  on  settled  tenim  nt  the  end 
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nf  a  certain  period.  Finally,  as  the  conclusitiu  of  an  elalkoratr 
and  forcible  imniitc  on  the  whole  question,  tlie  president  and 
C'OLincil  considered  that  a  long  leiij>th  of  line  from  Calcutta  ti» 
IX'llii  shoidd  be  eFioseii  a.s  the  first  line  to  he  encouraged,  and 
that  if  an  experimental  length  of  mihvay  was  deenie{l  neces- 
sary at  all,  it  should  be  one  betwc*.-n  Caleutta  and  Burdwitii, 
witfi  ii  brancli  to  Kfijnudial  on  the  Ganges. 

Li  JiJy  1S46  tlie  Govenior-Gejieral  reeorde*!  his  omi  views  in 
a  brief  Intt  statesmanlike  minute.  Lord  Hardinge  was  disjKMvd 
to  grant  far  nuire  substantial  encouragement  to  rnilway  cnter- 
priise  than  were  the  president  and  members  of  his  eouneiL  He 
pointed  out  that  a  lease  of  Ituid  representing  a  eontribution 
rouglilv  e^^tinlated  at  i'SOO  a  mile,  to  a  work  calculated  to  co&t 
X^14»000  a  mile,  wa*  totally  inadequntc,  and  he  expressed  his 
conviction  that  'the  speculation  of  the  railway  eompany  (^r. 
the  propose<l  *'  Eaiit  Indian  will  entirely  fail,  unless  it  be 
largely  and  liberally  encouraged  by  the  Eiist  India  Company/ 
linumerating  the  advantages  and  economy  to  GovLTument  of  a 
daily  mail  service  iKtween  Calcutta  and  Delhi,  and  tlie  impor- 
tant military  aspects  of  the  ijuestion,  lie  gave,  in  eoiiehrsion,  \m 
opinion  that  *on  militiuy  considerations  alone  the  grant  of  one 
million  sterling,  or  an  amiual  eontribution  of  ll^e  lakJis  of 
ntpee^i,  may  be  etintributed  to  the  great  line  when  completed 
froiii  Calcutta  to  Delhijand  a  j>eenniary  saving  be  effected  bv  a 
diminution  of  military  establishments/  Tlie  (iovemor-Genend, 
in  fact,  tlioroughly  realised  that,  without  some  really  lar^*  and 
Kuh?*tiintia]  a-ssistanee^  it  would  Ik?  impissihle  for  joint-stock 
companies  to  raise  the  capital  necessary  to  construct  the  gTe»it 
railromis  of  India,  altliongb  lie  Wiis  riglitly  opposed  to  the 
principle  of  granting  sucli  aid  until  the  period  of  completion 
of  the  works. 

'J'hc  various  opinions  and  report^s  of  tlie  autfiorities  in  India 
were  now  referred  to  England,  and  from  that  date  commenced 
H  long  and  weary  triangular  due!  of  negotiation  between  the 
pronioLerh  of  the  companies  and  tfie  1  lononrable  (  \nirt  of  Dtrvc- 
tors  in  l/Otidon,  and  l>etween  the  latter  and  the  Cominisbionm 
for  the  art'airs  of  India,  or  BoanI  of  Control.  'Hiese  negotiations 
and  diseussionH  were  protracted  over  a  period  of  about  tliw 
rsfi,  a  delay  whi 
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arp»t'iible  to  i\w  parsimonious  viewa  and  diificulties  mii^t'il  by 
the  lk>ard  of  ControL  In  the  final  result  i.if  the  strugglej  dnring 
u  liielt,  i>n  iiH>rv  thuri  one  occasion,  the  ncgotrntioiis  almost  roni- 
Iftt'ly  coUiipseci,  the  rompanieii  practically  ohtrtiucd  all  the 
iu:essiun8  for  whieli  they  had  so  long  eontended,  via.,  an 
aijHolute  ^larantee  oi'  3  per  cent,  on  all  sums  authorised  to  Ix* 
ptikl  into  tl»e  treasury  of  the  East  India  Corapany*,  so  long  as 
they  held  ownership  of  the  railways,  and  rejiayment  of  tlie 
aetual  ettpitnl  I'Xporuled  on  tht*  linos,  plant,  and  rolling  stock,  at 
any  titne  they  |>le,'».sed,  giving  six  months'  notice  of  surrender, 
A  jjeuenil  understanding  having  been  at  length  arrived  at,  pre- 
liminnry  k*f^al  agrectnents  wtTc  signed  with  the  *  East  Indian  ' 
and  *  Great  Indian  Peninsula^  Iljiilway  Companies  on  the  17th 
Aiigiijst  1849.  The  iinal  terms  of  the  contracts  some  time  siilv 
uently  cjitereti  into  under  tlu*  nmeli  abused  *  guarantee 
eni/  lH.*twtvn  tlie  Goverimient  of  India  and  the  railway 
i'om|)anie4,  may  he  tliUH  briefly  sumniarised, 

I.  'The  di-si^i  und  execution  of  certixin  railroads  in  India  are 
tni>teil  to  joint-stock  compunie^.' 

!£,  *T\ie  Indian  Gt>veninient  giiaranttv  interest  on  moneys 
duly  niistil  by  coni[>ante^  and  paiil  over  to  Government^ control- 
ling at  the  same  time  tlieir  esjK'nditure  and  optrations.'* 

Tfie  interest  guaranteeti  was  from  4- J  to  5  per  cent*  for  ninety- 
nine  years,  on  all  money  paid  with  authority  into  the  Govcm- 
luent  TreiLsurv.  An  tijiHiHi  wiia  gi%eti  to  the  nxiiuay  comfjaniei* 
to  demand  repayment,  on  six  months  notice  of  their  intention 
Id  isurn.nder  tlie  railway,  of  the  whole  capital  iluly  evpended 
by  them.  The  (Tovertiment  also  aga'i*<l  to*  leave  to  the  rJillway 
anujmny,  free  of  C4»st  for  ninety-nine  yciirs,  all  land  requiretl 
ior  the  }>erniunetit  works  of  the  niilway,  and  further  to  provide 
]  <4her  land  temporarily  needed  for  its  iinistniction.*  In 
um  for  these  important  and  vahtahle  coiH-e^tsions,  the 
meninient  rel^dnetl  power  to  siiiK-rvise  ami  control  the  ^vhole 
«f  the  affairs,  operutioni*,  and  evpenditure  of  the  compajucw, 
whether  in  India  or  in  Knglautl ;  they  iibtJiinetl  the  free  carriage 
of  mails,  and  the  carriage  of  tr(M>ps  an<l  niilit^iry  stores  on 
voumhh-  tenuH,  <uid  the  p4>wer  of  a|)(Hnuting  a  (lovemment 
;^3*iOr  to  *it  at  the  luuirds  of  raibwuv  comj)anies  in  Kngland, 
Itfa^  a  veto  on  all  (heir  procetntings,  except  certain  jirivilegfHl 
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communication  with  legal  advisers.  All  receipts  from  traffic 
were  to  be  paid  into  the  Government  treasury,  and  all  profits 
above  the  guaranteed  interest  were  to  be  divided  equally 
between  the  Grovemment  and  the  shareholders,  until  the  debt 
of  the  railway  company  for  guaranteed  interest  was  repaid, 
after  which  all  proRts  were,  to  accrue  to  the  shareholders. 
Powers  to  surrender  by  the  Company,  and  powers  of  purchase 
by  the  Government,  or  to  take  possession  in  case  of  failure  of 
agreement,  were  also  given,  and  the  money  transactions  between 
the  contracting  parties  were  to  be  calculated  at  the  rate  of  Is, 
lOd,  per  rupee.^ 

These  terms,  highly  favourable  as  they  undoubtedly  were  to 
the  companies,  naturally  removed  all  difficulty  in  obtaining 
almost  unlimited  funds  for  the  purposes  of  railway  construc- 
tion ;  and  in  spite  of  much  that  can  be  urged  against  them 
under  the  results  of  practical  working,  they  have  had  the  effect 
of  conferring  on  India  the  inestimable  indirect  benefits  of  rail- 
way communication,  and  inaugurating  her  career  of  material 
prosperity  from  a  much  earlier  date  than  could  have  been 
effected  by  any  other  means. 


^  The  rate  was  varied  in  other  contracts. 
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Tntroduction  ofrailiA'ays  into  India  {continued) — Commencement  of  railway  con* 
ilTUCtion — Slow  progrcM — Causes  of  delays — Discussions  od  funduncntal 
psinciplcs — Novel  theories — ftcport  and  propo&ils  by  Colood  Kennedy, 
R.E, — Proposed  regulnlions — Ruling  gradients  and  limiialion  of  cost — 
Cuasi  and  valley  tines — Lung  dUcussiaas — Sus]-kcnded  system  or  milMiys — 
Lord  fiftlhousic's  cxbamlivc  mmute — Sanclioa  accorded  to  line  from  CaX- 
cutU  lo  Delhi— Western  ghiU  surreys  ordered — Kra  of  Indinn  rnilwnys 
licgun — Sluilie^  for  the  gkdi  accents  from  Bombay— Final  approval  of  the 
Bhore  and  Thul^A.)/  projxisals — Main  route  followed  by  ihe  (jrea,t  Im^un 
PcninsuU  K(ulway--*riie  East  Indian  Railflmy— EjipcruueiiUl  lenglli  of 
line — Position  of  CaJcutU — The  Hooghly — Deierminaiioa  of  Ihe  question 
of  ftianiiitrd  y;iiuge— Principal  :>iAndajd  tUmeosioofi  lixcd — Govcntment  con* 
t/ol— Consulting  engineers  nppoinled— Large  powers  exercised — Ve^atioy* 
delays — rarliamenlary  cymmit tee— Beneficial  effect  of  report — Ptindpal 
features  of  ihe  Government  control— TasI  Indian  Railway— Early  proposals 
and  pdtticuLara — The  Madras  Railway  Company — Early  history  and 
imiiation. 


Wk  hftvo  seen  that  the  'East  Iiidifiii  Railway"  emanating  fratn  lutrodut 
t'aJrultii,  juul  tlie  *  Great  Indian  Peninsula  Railway  ^  trtmi  Rjulwi 
litniiluiy  werr  prnjectetl  mitl  organised  at  alxntt  the  ^wwq  tune. 
Construction  work  on  the  j^ection  from  IJ4>ni  Imy  to  Callian — 33 
miltN  in  leu^h — wtis  eonunenctxl  in  Fehniary  1H51  ftsun*ex- 
inrrimeutal  *  Hue  ;  anJ  a  portion  of  this  section,  1^  miles  in 
Iraijftii,  frtnn  liomhfiy  to  Tanna,  w&g  o]>ened  on  the  16th 
A]»nl  18oJi,  ahout  a  year  and  a  half  iK'fore  the  ojx'nin^  of  the 
ttfht  iH-tnile  *e\jierintehtiir  MH'tioii  af  the  '  blast  haJian  Rail- 
way *  from  Calcutta  to  I'audiia. 

Rapiililv,  ill  the  cjirlv  eonstructioii  of  railwrtVN  in  a  new 
country  >.itnati.il  *w  India  was  forty  year*  ago.  vuij;  hardly  I o 
be  expected.  l*rftctieally  nothing  in  the  way  of  inantifactured 
mnlrnAU  <»r  wurking  [jlanl  wjis  piirehiiAnhlr  in  thr  eotinlry  ; 
wni  the  eiiirinirni  (ir  contrta-toiv  liiu!  to  manttiactiire,  prepare 
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or  collect — often  from  great  distances— everything  required, 
such  as  bricks,  stone,  lime,  timl>er,  iron-work,  or  plant  of  all 
kinds.  At  the  commencement  of  operations,  and  for  some 
time  subsequently,  no  trained  subordinate  staif  existed,  and 
inspectors  imported  from  England — then  a  vastly  more  distant 
country  than  at  present — were  almost  useless  until  they  had 
acquired  some  knowledge  of  the  language,  and  had  learned  and 
unlearned  much  new  and  old  experience ;  and  lastly,  skilled 
labour  of  almost  every  description  did  not  exist,  until  in  course 
of  time  it  could  be  trained  and  educated,  and  even  ordinary 
unskilled  labour  was  difficult  to  secure,  until  full  confidence  in 
the  new  employers  had  been  gained. 

Much  delay  was  also  entailed  by  the  natural  hesitation  of 
the  chief  Government  authorities  amidst  the  conflicting  views 
of  responsible  advisers,  and  the  opening  up  anew  of  lengthy 
discussions  on  fundamental  principles,  whether  as  guiding  the 
choice  of  route  for  the  railways,  or  the  actual  details  of  con- 
struction ;  principles,  the  greater  number  of  which  had  already 
been  threshed  out  in  the  twenty  years^  experience  of  practical 
railway  engineers  in  Europe,  but  which  were  more  or  less 
unfamiliar  to  many  of  the  military  engineer  officers  in  high 
authority  in  India,  who  necessarily  approached  the  subject 
from  an  almost  purely  theoretical  standpoint. 

That  some  mistakes  should  have  l>een  made  was  only  what 
might  have  been  anticipated ;  but  that  errors  of  judgment 
should  have  been  on  the  whole  so  few,  and  that  they  should 
have  entailed  so  little  ultimate  loss  l>eyond  some  unnecessary 
delays,  is  a  remarkable  evidence  of  the  care  and  skill  witi 
which  the  many  large-scaled  problems  presented  by  Indian 
railways,  were  from  the  commencement  met  and  overcome. 
Amongst  tlie  most  prominent  of  the  many  elaborate  and 
startling  theories  broached  on  the  eve  of  Indian  railway  con- 
struction, was  one  which  emanated  from  Colonel  Kennedv, 
R.E.,  for  a  short  time  Consulting  Engineer  to  the  Government 
of  India  for  Railways,  and  subsequently  Consulting  Engineer 
to  the  Bombay  and  Baroda  Railway  Company.  In  a  report 
or  memorandum  written  at  the  close  of  the  year  1851,  ad- 
dressed to  the  Honourable  Court  of  Directors,  Colonel  Ken- 
nedy drew  up  a  kind  of  code  of  rules  and  regulations  for  the 
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guidanci'  of  railway  authorities  in  India,  containing 
e  eHHcTtially  novd  views  and  opinion.'^,  which,  coming  from 
iTi  in  htH  proniitietit  position,  niressiirilv  detnande*!  attcn- 

Kn  and  earcfuF  consideration,    Dealiuf^  first  with  the  militaiy 
i  (x^notnical  aspects  of  the  question  of  railways  in  India, 
lonel  KeniKMly  proceeded,  ni  twelve  jiroposed  regulations,  to 
dowti  the  hrond  general  priiieiplc^i  on  which  tlie  whole  rail- 
^^ff  nystein  of  the  country  ought,  in  his  o]}inion,  to  be  guided, 
^ncl,  rn  urisparintr  hiTitriifip'^  lie  cnndeinned  all  that  had  hitherto 
lieen  done  by  railway  etigineers. 

In  op[)Ofiititin  to  the  eoiitemplateil  direct  route  of  the  'EiLst 

iian  Railway' from  t'alciitta  to  Mir/^ipore,  passing  through 
Shergottv  range  of  Jiills,  and  the  ascent  of  the  h*ne  of 
stem  ghtitu  by  the  proposed  *^ Great  Indian  Peninsula  Hail- 
from  RondNLV,  he  argued  in  favour  of  a  sort  of  Meiliaii 
IVrsian  (r(»vcrninent  (kt-ree,  that  no  trunk  line  of  railwuy 
,n<lia  hhould  have  a  ruling  gratlient  of  more  than  1  foot  in 
py  SOOO  ftvt,  or  1  in  iJ30  on  Mceoridary  or  brnneli  lines ; 
i  no  line  shoulil  Ik-  umlertakeii  which  wjls  c^^timati^d  to  eust 
more  than  ^5(MH)  a  mile,  exclusive  of  bridging  the  larger 
M|rrx ;  and  in  iinler       secure  the  necessary  flat  gmdicnts, 
^Bl  on  tht*  hasty  itssuniption  tliat  the  rivers  of  the  country 
everywhere  tlie  main  arteriess  of  connuerce,  he  propa*ied 
^mt  lines  of  railway  shotild  l>e  constructed  skirting  the  whole 
Ltt  line  of  India,  and  thence      carried  idl  over  the  interior 
the  coimtrv  hv  clo^i^lv  ft^llowing  the  lines  of  the  great  river 
BeVH.    Tlujs  the  line  of  the*Kjtst  Indian  Hailway^  should 
»i'lv  follow  the  course  of  the  Ganjjes  from  Calcuttn,  x^'m  the 
feat  l>end  at  Uajtiialial;  and  the  line  of  the ''Great  Indian 
ninsula  Kailwav"  from  H4milKiv,  instead  of  n-cklewily  ascend- 
the  U\*>teru  on  a  nweswirily  >tee])  an<l  nu»st  e\pen- 

aligunuMit,  should  fiillow  the  natural  routes  to  the  interior 
n  the  north,  vtd  the  coast  line  and  the  Tapti  imd  Nur- 
ila  valli'vs  ;  anti  on  tlie  stjuth  lt»  MmlnLs,  v'ui  the  coast,  the 
in  the  ghats  near  Coimbntore,  and  the  Kaveri  valley  t(i 
ea.Htern  ccwtst  line. 
In  Ihr  long  diMMissituis  whicli  followetl  thi»  celebrated  memo- 
iluuk  it  wai  tdtimately  agreed  that  no  such  gnidirnt-s  an 
,*  pnijMistHl  for  Mie  trunk  lines  were  economically  fnisible. 
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even  by  following  the  course  of  the  river  valleys ;  thdt  it  was 
b^tter,  in  most  cases,  to  construct  a  line  with  steep  gradients 
than  no  railway  at  all ;  that  the  cost  of  the  increased  length 
of  line  necessary  to  secure  such  flat  gradients  would  be  greater 

than  the  cost  of  working  the  steeper  grades,  ie.  that  a  short 
line  with  steep  grades  might  in  the  majority  of  cases  be  a 
cheaper  line  to  work  as  well  as  to  construct,  than  a  longer  one 
with  easier  gradients.  It  was  also  seen,  that  to  limit  the 
estimated  cost  of  railways  per  mile  to  any  rigidly  fixed  sum, 
and  that  a  sum  altogether  inadequate,  would  be  not  only 
impracticable  but  extremely  injudicious.  With  regard  to  the 
recommended  coast  and  river  valley  scheme  of  railways  for 
all  India,  it  was  opposed,  that  not  only  would  the  coast  lines 
cross  the  whole  drainage  of  the  country  at  its  largest  point, 
and  be  the  most  expensive  to  construct,  but  would  also  com- 
mercially and  politically  be  the  most  useless,  and  everywhere  in 
direct  competition  with  sea-borne  traffic.  It  was  shown  that 
in  every  country  it  is  necessary  that  railways  should  be  laid 
out  with  reference  to  the  distribution  of  population,  and  to 
the  general  resources  and  necessities  of  the  people,  rather  than 
to  the  mere  physical  characteristics  of  its  geography,  and  with 
reference  to  tlie  greatest  political  and  commercial  advantages, 
than  with  a  mere  view  to  easy  gradients,  liowever  desirable 
these  might  be  when  readily  obtainable.  Moreover,  the  idea 
that  the  great  river  valleys  were  necessarily  the  main  arteries 
of  commerce,  was  in  India — except  in  a  few  instances — shown 
to  be  peculiarly  erroneous,  and  that  an  attempt  to  lay  down 
any  inflexible  and  rigid  system  of  railways  to  cover  the  whole 
face  of  the  continent  was  both  premature  and  unpractical. 

Belonging  to  an  entirely  different  category,  and  as  a  mere 
curiosity,  may  also  be  mentioned  the  appearance — shortly 
after  Colonel  Kennedy's  noted  memorandum — of  a  book  written 
by  a  Colonel  Grant,  of  the  Bombay  Engineers,  to  prove  that 
the  idea  of  laying  down  the  permanent  way  of  railways  on  the 
surface  of  the  ground  was  utterly  inapplicable  under  the  con- 
ditions and  circumstances  of  India,  He  recommended,  with  all 
seriousness,  that  every  Indian  railway  should  be  suspended 
throughout  its  entire  length  by  a  regular  series  of  suspension 
cliains,  at  a  minimum  height  of  8  feet  above  the  ground,  which 
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he  considered  would  be  ample  to  place  it  above  tbe  rirach  of 
AnimaLt,  Ctwtly  tnixlels  of  this  unique  system  of  railways  were 
■CM  .  I  iml  hikI  c\liibiled.    Several  other  tlicories  of  ecjually 

iii^  n  ,  .111(1  I'rratie  charai'tcr  had  to  lie  eouilmttd  by  tbe 
infiftiit  railway  sy&teiii  of  India*  nmeh  n,s  the  human  cfuld  hiu^ 
to  undergo  its  regular  course  of  infantile  nialndies. 

The  twelve  genera!  rules  and  principles  iidvtjcated  by  CA)lonel 
Kennedy,  although  in  their  most  essential  features  not  adoptcil^ 
had  nevertheless,  the  fuivantageous  result  of  compelling  the 
ckx^e  attention  of  the  (itneninient  authorities  to  nitiny  ntutters 
of  tlie  highest  importance  in  connection  with  the  first  IcKvition 
«nd  ciKistnietiiin  of  milways  on  a  new  and  virgin  soil,  and  in 
tliis  manner  may  possibly  have  hastened  the  arrival  at  preeise 
Aiui  definite  eonelasion^  respeetiiig  them.    In  the  early  jHirt  of 
tlic  year  185iJ,  Lord  Dnlliousie*  then  Govenior-General  of  India, 
after  haxtng  n-eeiveil  tbe  reports  and  opitiions  of  all  tfie  viiriuus 
wnsulting  engineers  and  railway  experts  in  the  eountry,  re- 
vietteil  id  a  imL^terly  tiiinute,  at  onee  clear  and  exhaustive,  tlie 
whole  tjueritioti  of  railway  routes  for  the  earlier  truiilc  lines, 
skxul  the  guiding  prineiples  to  be  adopted  on  all  the  main 
|x>iaU  of  controversy  which  had  lx^*n  so  long  under  distniR- 
*ion.    The  ret'onnnendations  fonnulatetl  in  this  ptvniiarly  lucid 
>Latemeiit^  which  have  rendered  it  a  justly  celebrattnl  document 
in  tlie  history  of  Iiulian  ^ulwav^,  were  at  onct-  fully  concurred 
in  by  the  Iltmourable  C  ourt  of  Direclors  in  Ltaidcni,  wlui  were 
now  thoroughly  alive  to  the  vatst  l)enetit«  certain  to  en^ue  from 
the  coastruction  of  an  extensive  and  well-phmned  system  of 
railway  eontuiunicatioi]   in  India,  carried  out  in  a  large  and 
liberal  spirit.    Tliey  aceordiitglv,  witliout  ht^sitation,  gave  their 
iUBent  to  the  innnediate  cornnicneenient  of  a  line  fmui  Calcutta 
by  the  Gangi'?*  valley  lu  Delhi.    With  regard  tt>  the  railway 
from  Uoudwiy,  they  dirLvte<i  that  surveys  for  the  (sev4Tal  ffhdt 
Foute*  pro|KJ»eil  .should  Ik*  at  once  undertaken,  and  Hiey  ex- 
pccasrd  their  willingnesn  to  .nunction  the  prosecution  of  a  line 
from  MadniH  to  Itouibay  vttl  Cudda|mh  and  Bellary,  well 
VcerUin  other  pr<i|Mj>,ed  linen,  should  the  result  of  the  surveys 
ptnTc  iiatL^factory. 

Fnnn  this  date,  viz.,  the  latter  end  of  the  yeav  ISofi,  the  era 
uf  Indimt  nulwM||^|||y  be  <'on&iilered  m  really  la-gun.  The 
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line  of  the  *Ea8t  Iiulian,''  frt>tn  Calcutta  towards  tfic  Up 
Provinces,  was  fairly  launched  rm  its  long;  journt^y.    'Hie  *Grea 
Indian  Peninsula"  had  opened  ib*  first  section  of  inju-ruml  to 
Tanmili,  in  the  direction  of  CalJian  and  Hie  g^hdfs^  and  the 
minds  of  all  those  responiiible  for  the  interests  and  well-l)dn 
of  India  liad  now  fully  recognisotl  the  iniportanee  as  well 
the  prnctieability  of  an  extendetl  system  of  railways  in  tha 
fountry,  and  were  actively  engaf^nl  in  the  sokition  of  its  mnn 
initial  prohleni-*.    The  infant  line  from  liofrihay  Imd,  however 
^toppetl  short  at  the  foot  of  stupendims  difliculties,  and  Irn 
yet  to  pass  througli  some  period  of  painful  struggle  bef* 
the  path  oF  its  further  pmgress  cotild  be  cleared. 

Mr.  Clerk,  wlto^  as  we  \in\e  seen,  teTi  vears  lK*f*»rL%  whert 
working  in  coniieetion  with  the  then-called  *  Great  Kastent 
Railway,^  had  advocatetl  the  suriTtonnting  of  the  Western  ghaU 
Ijy  two  rontt.^,  in  the  main  identical  with  thorse  subse(|uaitlr 
a*lopted,ap|)ears,  on  detailed  invest  ii»;atiun,  to  have  been  daunltxlj 
by  the  formidable  character  of  the*  tlitHcidtie^  his  propo*ftl*j 
would  involve.    In  tlie  year  1S47.  we  find  hini  arrived  at  thnj 
conchision  that  the  Thidl  and  B]iore  ^fJtdK^  were  \  irtually 
practicable  for  railway  jmrpoaesj  and  advocating  in  theirstemil 
a  single  piia&a;^e  at  a  point  situated  about  mid-way  between  ihe\ 
two,  by  a  route  Ln4iwn  as  the  Malsej  ghtU^  with  a  bifnreatitjn 
of  the  line  at  son>e  point  fifcot-r,  in^stead  of  beloTC  the  line  o( 
^hftf,^.    Tliis  route  was  the  one  at  first  contemplated  bv  tlit' 
'  Great  Indian  Peninsula  Railway '  Company,  ijito  which  ihi' 
*  Great  Eastern '  had  in  the  mennlinie  nier^ctl,  and  was,  nioi*- 
over,  the  one  generally  agreed  to  by  Government,  and  wa* 
incorporated  in  the  first  agreement  eutereti  into  with  tlic 
company  in  1849. 

In  the  year  1850,  Mr.  James  Berkeley,  C.E.,  who  was  ap- 
pointed eliief  en*^incer  to  the  conipanv*  entereti  upon  a  detailcdi 
examination  of  the  Mulsej  g^htH  rcjute,  find  .soon  eanie  to  thi 
conclusion  that  the  difficulties  of  carrying  a  railway  by  thai 
line  were  practically  insij|)emble,  and   that  on  comincrciai 
grounds  it  would  be  injudicious;   he^  therefore,  turned  h* 
Attention  to  the  abandoned  routes  xua  the  Tliull  unit  Hiio 
ffhtitfs.    These  ^htifs — the  first  to  the  nt»rt])-e<ist,  the  inecot 
to  the  aouth-ciwit  of  Bonilwiy — were  each  already  oceupuni 
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In  H»e  early  part  of  thu  mitury,  under  thr 
irdtTs  (vf  tlio  ^^rent  Diiko  of  AVoUino^ton,  a  tnwk,  jwsAblt-  by 
rtillcrv,  hail  Inrii  fornicti  up  flie  Hhort.-  ghaf^  lending  tcnmrtk 
'iK>!m,  litid  in  tho  year  IHIJO  UiU  track  luwi  been  rc-madc,  and 
iraprovitf  into  a  cart-rf)nii^  whicli        still  in  use  as  a  tmlt' 
miito  t(i  Mh*  Docran.    I 'nder  Hie  order**  of  the  Bombay  Goveni- 
int-rit,  tt  few  years  f>efc)re  the  era  of  railways,  an  excellent 
I^hm!  for  wheeled  veliicles  had  also  been  carried  up  the  Thiill 
and  (Ids  hmuI  was  n*>w  usetl  for  tlie  inaiU,  and  formed 
Ihe  only  ficrvieeable  tntde  route  to  the  districts  of  Candcihh. 
By  tlie  year  185^,  Mr,  Herkeley  liad  traueil  and  laid  out  a 
P4'rie«  of  irieiinos  by  both  tht*^**  ^htUs^  wliieh  proiiUKcd  an 
MUitiud  lUignnietit  for  the  railway,  which,  although  severe, 
^^Hd  be  suitable  for  locomotives.    In  view,  however,  of  the 
MRrinous  diflienlties  that  would  in  niiv  case  Ik*  iitvolml,  and 
M|ttv  I'Hpii'ially  owing  to  the  whole  ipicfition  of  eeonouiieal  rail- 
^^■construction  having  lM?en  opene<l  up  by  t'oloncl  Kennedys 
^wnorandmn,  tlu'  (lOveriMneiit  t»f  India  hcHibited  tt>  eoiumit 
itM'lf  ttj  a  <le(iTiite  dwisi<in  as  to  the  iK'st  north-cjistern  route 
to  be  futloweil  by  the  Great  Intlian  Peiun.sulu  trunk  line,  until 
further  exiunistivc  studii^  and  surveys  were  made,  or  until  it 
WOK  clearly  provitl  that  the  route  Wfi  the  etJHwt  md  the  Tapti 
Valley  to  Caiuleish — enablinjL^  the  trhni  ascent  tf>  l>c^  avoidetl 
Altogether  -waM  ccontinncallv  undesiral>le.    With  regard  to  the 
wmtii-ejLHtern  route  townnls  IVwuia  and  Mndra^s  it  was  ackuow- 
Iwljpeil  that  some  ^hat  a-^cent  wa*i  ine^itjible,  but  it  was  directetl 
tliat  furtlaT  search  hliouKi  Ik*  made  to  tliscover,  if  |M>s*vible,  an 
eaMt-r  route  than  that  bv  the  l^\uti\'  ^hdL    These  instructions 
having  l^vn  reeeivetl,  active  steps  to  pr<-isecute  the  surveys 
iinlen**!  wt-re  at  once  taken. 

Durint;  their  prosecution,  however,  the  chief  engineer  of  the 
Grrat  Indian  Peninsula  Hailway  contiuui'd  witli  unremitting 
and  industry  bis  study  of  the  Tliull  aiul  Hhore  ^fuU  in- 
HneA.  His  suncy  of  the  propoM-il  'I'apti  valley  nmte  enabk^l 
him  to  demonstrate,  first,  that  it  would,  to  the  same  lixetl  {joint 
in  (*andeisb»  rixpiire  L'il  utiles  of  atithtional  raibvav,  and  that 
it  Mould  cost  over  a  iTtillion  r.terlinji  utore  to  e\<,*cutc  than 
Hint  ria  llu*  Thull  ^heif^  la-sides  the  savinj^  in  tinu%  workin^r 
expenses,  and  the  additional  profiLn  ensurtnl  by  the  shorter 
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ali^mneutj  v-liich,  iiiureuvur,  had  tlie  utlvatitagu  tif  fullowinj; 
the  exi.sting^  and  natural  tratJe  route.  He  showvd,  also*  that* 
perf'wtly  i^nicticahlc  series  of  inclint's  Niiittilile  for  locomotive^ 
was  obbiiiiuble  botli  hy  the  Thull  and  Hhorc  and  Ihiit 

as  all  tlie  Iieavy  gocxb  traffic  froii]  tlse  Deccan  dUtrict*  wouW 
l>c  in  the  dowuviard  diri.*ction  towards  Honilmy,  tlie  ^hat 
iiiL'lincs  would  \ye  in  favour,  rather  i\\i\u  .uUer^i',  t<i  t^' 
workhig  tjf  the  Jine. 

It  was  not,  however,  until  tlie  vnd  of  the-  yeai-  IJS^I-  that  nil 
objection  to  tlie  Bhore  route  was  withdruun,  and  until  Ik*  J 
following  year  that  the  Thull  ghat,  proposals  were  agreed  loJ 
thea])provnl  of  the  HonoiirHhle  Court  of  Dirtrtors  to  the  latter] 
not  being  reeonlwl  until  the  Jilst  Janitar>-  iSoti,  by  which  timej 
it  was  finally  deeidt*d  to  proceed  with  liotJi  these  prudigiou*] 
eiigtJU'erin^  undertakings.  It  will  thus  he  ween  that-  a  very] 
coiii^iilernblc  periixi  of  time  wa-s  ex|>cnded  in  a  thorough^ 
exatnination  and  investigation  of  tlie  Syhadree  mnge.  What- 
ever portion  of  this  long  delay  nmv  be  fairly  debited  to 
tlie  Jiesitation  of  the  Governnient,  liomlnxv  at  least  ha<l  Uie 
eatisfaction  of  knowing  that  iio  exertions  hatl  l)een  npared  tai 
prove  that  the  earlier  deeisiotis  arrived  at  hv  the  eoinpiuiyV] 
engineers  were  tlioruughly  sound  and  praelical.  | 
The  ultimate  main  lino  routes  followed  bv  the  Gre-at  IndiaJtJ 
Peninsula  Railway  are  as  follows,  rrocce<iing  across  the  inarJi] 
fieparatiiig  tin*  island  of  Ronibay  Irouj  the  islam!  of  SalhcttfJ 
and  across  the  arm  of  the  sea  separating  tlie  latter  from] 
the  mainland  of  the  Conean,  the  early  e\ peri  mental  lineJ 
miles  in  length,  which  was  conijdetetl  and  opened  fori 
tratlic  in  1854,  arrives  at  Callian.  From  Callian  two  linel 
tiivergc— one  nortb-eas»t,  sumioniit.s  the  Thull  ^fifH,  Jind  pro! 
ceeds  to  Bhusaval,  from  wlienee  again  tuo  Uneji  dixerge,  oin 
extending  to  Jidibnlpore,  whei"e  it  joins  a  branch  of  the  Eaal 
Indian  Railway  from  ^VHababad,  and  one  to  NagpUTj  tlie  capitnl 
of  the  Ct'ntnU  Provinces.  The  second  line  diverging  from 
Callian,  mounts  to  the  Deccan  high  lands  !»y  tfie  Rfiore 
and  proceeds  to  Fooiia,  Sholnjiore,  and  llaiehon\  where 
joiri^i  the  Madras  Railway.  The  totrd  leiiglli  of  tJie  (i 
Imlian  Peninsnla  system  is  IS88J  miles.  In  the  yeiu*  1 
or  ten  years  after  the  opening  of  the  first  Miction  to  Tann 
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mills  were  open  (or  traffic,  and  by  the  year  18T0  the 

was  complete  approximately  to  its  present  dimensions, 
is  now  neee>sar\'  to  turn  oiir  attention  to  the  f*>rtiineh  of 
iwt  Initlnn  '  Hni I way^  starting  from  Cideutta.    \\\'  liave 
that  a  preliniitmry  agreement  was  entered  into  with  this 
ny  on  the  17th  Augnst  1S49,  hut  that  it.  was  not  until 
tter  part  of  tlie  year  lHo3 — after  I^ml  Dalhousie's  cele- 
niiniite — ^thut  the  Honuumble  Court  of  Directors  ^ave 
final  and  iinhenitating  as^ietit  to  the  construction  of  the 

Klhe  whole  wav  to  Delln.  In  aeeordanee  with  the  early 
that  it  would  l>e  desirjd»ks  in  the  first  instance,  to  construct 
rt  length  »jf  railway  in  Bengal  for  the  piiq)oses  *)f  exjjeri- 
lent  (an  idea  nUo  extended  to  each  of  the  other  Presidencies), 
lie  length  from  Calcutta  to  Burdwan,  with  a  l>raneli  to  Uajmahal 
b  the  Ganf^i's,  had  lieen  rt*eoinniended  us  a  suitahle  one  for  the 
umoiie.  On  the  ^i<rnin;^  of  the  agn.'enient  in  1849,  rt  was 
^HEtoed  to  eonstniet  a  .sint^le  line  to  Uaneegungo,  a  point 
Int  ISiO  miles  from  C'alentta,  situated  near  the  coal-fit^hls  a 
rt  dislnnee  l>eyond  Hurdvvan,  and  on  the  line  i»f  direct  route 
Is  Mir/ajK*re  and  Delhi ;  tlie  objet*t  l>eini^  the  o|KMiin<j  up 
i>  rich  mineral  tli.strict  In  July  1850,  Lord  Dathonsie 
\1  the  con«triJctioti  t>f  the  ex|aTimentAl  line  as  far  as 
87  mikti  in  lenfjth*  with  works  for  a  doal)Ie  hne  of 
re4'onmiended  itn  e\ten?<ion  to  the  Hanee^iinfie  coal- 
In  the  same  year  the  detailed  surveys  were  put  in  hand, 
the  <ii*st  section  of  land  waj*  made  over  in  Janiiary  18-51, 
^kgf.  ctinstnjclioii  wiirk  on  the  experimental  line  oetiially 
^^penced. 

^Hie  capital  city  of  Imiia  is  situated  on  the  bank  of  the 
PHghly  tidal-chaiuiel,  and  any  line  of  railway  starting^  fnmi  it 
DQ  the  direction  of  Uurdwan  and  Delhi  would  imniediately 
juive  to  crow*  this  ehanncK  an  obtit/icle  of  coiuiidemble  nia^ni- 

RU    Opfjosite  (  ideuttii  the  IUH>ghly  has  a  Atreani  some  1700 
tbroad^  with  a  maxiiauni  depth  of  40  feet  below  low-U7\ter, 
iLil  riM-  of       fivt,  ^vith  a  very  rapid  flood  vehx'itv,  and 
uaI  ditticulties  in  the  formal  ion  of  convenient  ndlway 
iic!*.    It  is  |>rol)*ihle  tliat  if  capibd  had  from  the  he^jjin- 
Invn  mi»ed  for  the  construction  of  the  xvholc  lonjj  len^jth 
17  nviles  to  Delhi,  the  advajitage*  of  locating  the  terminun 
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iif  the  line  on  the  Calcutta  side  of  the  Ho<^ghIy  would  huM* 
ovcrwcighefJ  the  large,  although  in  this  cane  rclfl-tively  smail, 
pc^nse  of  LTet'tin^  a  bridgt-  ovl'F  that  channel,  but  i'or  the  puriKWW 
of  a  isiiort  oxperiiiicutul  leugtli  of  line  with  a  caipitjil  of  a  niiUion 
pounds  only,  it  was  plainly  iuadmiiisible ;  so  that  after  sanit 
ilisciission  of  alteniative  pn>poMd.s  it  wafi  decidttl  to  eoiiiineiiLT 
the  railway  at  Howrah,  a  ssuburb  of  Calcutta,  situated  on  tlii* 
right  bulk  of  the  Huoghiy  opposite  the  city,  connnunicatiwn 
being  jimintained  by  means  of  n  steam  ferry. 

It  bivaiiie  neceiisary  somewhat  before  this  time  to  iinall? 
decide  upon  the  important  (juestion  of  &tiiudard  gauge  to  W 
adopted  for  Indiaa  railways.  Mr,  Sinmis,  the  coasultiji^ 
engineer  to  the  (rovernment  of  India,  sent  out  by  the  Court  «f 
Directors  in  1843,  is  said  to  have  been  the  author  of  the  5  feet 
ti-inch  gauge  actually  adopted,  and  it  in  probable  that  this 
piirticular  width  was  siclected  merely  as  a  eoiivcnient  nittiu 
between  the  oniinary  4  feet  8A-inch  and  the  7  fcvt  gauges  thai 
in  use  in  Kiigland,  and  as  a  dimension  giving  more  apace  fwr 
locomotive  machinery  and  admitting  more  comfort  in  piuseDgcr 
carriages,  tlian  it  was  thought  could  !>e  conveniently  attained  on 
tlie  ordinary  narrow  gauge.  The  full  Ijcarings  of  tfie  ipjcHtiini 
of  width  of  gauge  for  railways  was  at  this  early  periotl  imy^t- 
fectly  apprehended,  and  the  decision  arrived  at  waA  undoubtedly 
an  unfortunate  one,  since  there  can  be  bttle  question  tliat,  lia*! 
the  now  Hxed  English  strtiidard  been  at  tirst  adojjted,  the  rail- 
way system  of  India  woultl  have  been  j*pared  whatever  disad- 
vantages have  arisen  from  lis  present  want  of  iiaiforiuitv 
gauge. 

In  the  year  I85G  the  prineipal  standard  dimensions  of  road- 
way and  rolling  stock  to  \w  henceforth  adopteti,  and  strictly 
flflhered  to  on  Indian  railway  lines  of  the  5  feet  6-inch  gauge 
wtXH  delinitely  tixed  by  mutual  agreement  among  the  eonsultirt 
engineers  to  emh  of  the  Indiiiri  railway  companies,  and  w 
approved  by  Government,    The  extreme  importance  of  a  rigi 
uniformity  in  this  re!<i>eet,  tlie  want  of  pr*>per  attentiau  t 
wliicli  had  already  occasionei],  and  still  continues  to  occa&ioi 
much  inconvenience  on  Kngli-Hh  railways,  was  thus  early 
nised  in  India,  and  the  same  principle  of  strict  mihercnce  t 
well-fornndated  standard  ilimenHion^,  wati  also  obstTved  in 


caso  of  fhv  narran -^iiijirt'  lines  siiljspqui'ntly  introdiuvd,  As  a 
ciinj«\]ueiife  nf  lhi.s  timely  fort-thought,  there  is  now  [vrobahly 
tM  large  svsteni  of  milw^iys  in  the  world  superior  tn  that  of 
Imiin  ill  respcrt  of"  Hiis  ]ni|Kirtrtnt  matter.  The  leading  dimen- 
f*ioa&  for  railwayji  of  the  5  feot  6-iiirli  gauge,  fixed  in  the  y  ear 
1856,  were  as  follows : — 


Ft. 

Ini. 

Mitiimum  clenr  width  Imtween  two  tritcks, 

0 

Minttniim  distiuice  of  j>latforni-wall  from  rail,  . 

'J, 

<> 

I*rujet'tiiiii  Iff  nu»5iiiff  nut  tu  exceed 

0 

3 

Jhlitiiiiniin  tU-ur  height  fur  uU  u{»emng]S  above  mil  in 

ivnlro  i>f  ent-h  Urie^  ..... 

14 

6 

Bremlltj  frtun  rtnitri*  to  centre  t>f  liiifFyrSj 

6 

& 

tltO^ht  of  ffutre  of  hufferg  abov^  rnil-surface, 

Extreme  wjiltli  uf  Ih>l1)'  of  pawstiug-er-camage,  . 

H 

^^ 

f.                     M                ""'f                                                                        .  , 

H 

10 

10 

0 

Mhximutu  leii^ili  l»f  tH'een  cpatres  of  wheels  (all  vehicles) 

H 

0 

Mbnmum  diampter  of  turn-Ul>l<"^, 

1.^ 

0 

.,       «>f  eiipiiie-taMew, 

40 

0 

Detailed  U.sts  ^uul  duigraiiis  of  nmxiiiiuni  and 

nitnimuni 

thmetixions  for  all  fixi*d  ^truetures^  lioth  inside  and  outside 
»tAt)oii  tiuiits  fti'd  uf  roUinj^  slock,  were  abo  elalkonited  at  n 
very  early  j)eritKl,  fuul  have  siuei.''  been  strictly  enforced  l)y  tlie 
consulting  engineers  to  Government  for  railways. 

It  luw  Invn  shown,  that  from  the  earliest  inception  of  rail- 
way;*  for  India,  thjth  tJie  Honourable  Court  of  Directors  and  the 
Indian  authorities  were  thoroughly  alive,  not  only  to  the  inijiort- 
ance  but  to  the  ahstduto  nccesnity  of  retaining  in  the  hands  of 
Uk'  G«VL-nntirnl  of  tlxe  country^  the  fullest  jwwers  of  control 
twer  all  the  proceetlinga  and  operations  of  the  joint-st<Kk  com- 
panies prt)|M>Ki)ig  to  iniderttike  the  conjslniction  of  railwaj-^. 
Under  the  contracts  entcreti  iiit*>  with  the  coni|>anies,  and  in 
Mcliange  for  the  liberal  tenm  offered,  the  Guvennnent^  in  feet, 
•ecurvd  thi*  control  to  an  ahn^vst  unlimited  extent,  whether  as 
nq|anl&  the  HU|x*rvi^^on.  ex[)enditure,  and  Httif1\if  the  conipanics 
during  the  coniftruction  of  the  line^^  or  after  their  opening  for 
tcmlBc.  In  England,  tx.->  we  haw  mvu,  a  Govennnent  director 
waa  appointed  to  ait  un  the  bojinl  of  guanuiteed  ratlway  com* 
panir*,  having  a  veto  un  all  their  proceedings,  except  certain 


privileged  coniimiiucatitjn.s  mth  logal  lulvist're.    In  Inclln,  \h 
large  powers      t'cintrol  oHinittwl  hy  the  eontmcts  were  at  flra 
exercisit'ii  tiirt-ctiy  hv  the  Gnveniineat  aetin^  im  the  /ulvici?  of 
speeiiilly  appointed  c*>ti5nilting  engineer  eonversant  witli  rail* 
way  practice,  but  tis  the  multitudinous  ba8ineti<<  connected  with 
the  mr)y  lines  iiicreasetl,  uikI  the  eonshint  reference  of  inatteis 
of  (Ictail  to  the  sujtrenie  govennnent  became  needlessly  cum 
hrous,  separate  consulting  engineers  were  appuinttHl  to  each 
kical  go%'emment>  and  sul>»etjucntly  to  special  railway  tiivisions. 
intrusted  witli  lar*^e  discj-etionary  power>^  wliieh,  li4>wever,  thev 
excrcisutl  under  general  rules  and  reguhitions  laid  down  for 
their  guidance.     These  rules  and  re^^uktions  were  supple- 
mented as  need  arose  from  time  to  time,  iind  it  was  laid  dowa 
that  cei-tjuu  nifttters  of  general  iitiportnnee  were  to  be  8]>eciaUv 
referred  to  the  Goverament  of  India  for  decisi<jn. 

The  officers  appointc<l  for  the  discharge  of  these  itnporlant 
functions,  requiring  in  tlieir  dealings  with  the  otiicials  of  the 
companies,  great  tact,  judgment,  anil  profc5K8T<nial  ability 
were  for  the  nuist  part,  or  entirely,  selected  from  the  corps  o 
Royal  Engineers.    The  syj*teni  when  at  firNt  t^tablished  secni^ 
as  might  Ije  expected,  to  have  worked  with  some  degree  o 
friction,    Kelative  responsibility  wa;*,  in  fact,  very  ill  defined. 
In  constructional  matters  all  initiation,  both  of  design  ami 
estimate  of  works^  was  in  the  haiicbof  the  engineers  of  tiie  rail 
way;  hut  these  could  execute  nothing  without  the  exprer 
approval  of  the  Government  otticeni^  on  whom^  without  an^ 
powers  of  origination  of  their  own,  waa  tlirown  a  very 
responsibility.  The  consulting  engineers,  themselves  the  agents 
of  a  higher  autliority,  could  obviouiily  act  oiJy  i>u  reaitonabty 
full  and  detailed  information,  not  always  forthcoming  in  th 
particular  shape  demanded,  and  it  could  hurilly  Ik'  otherwis 
but  that  the  procedure  at  starting  shoukl  in  some  cases  hav 
led  to  vexations  and  delays,  responsibility  for  winch  l>ot}i  ttl* 
considureil  themselves  in  a  position  to  reputliatc.    The  Govern 
ment  con.suUirjg  tpfficers  in  the  early  days  of  niilways,  althougl 
often  men  of  great  judgment  and  administrative  aliility,  w< 
rarely  etjual  to  the  comjianvK*'  engineers  in  practical  cxperienc 
of  eonHtructional  details,  whiM  the  latter  were  prolwxhly  uudid^ 
impatient  of  a  control  and  criticism,  and  of  opiuioiia  whici 
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riphtly  or  wrongly,  thf  j  Nuj>fM)M.'tl  to  hi-  fVtt|iK'utly  Imhwl  on  too 
(lurt'ty  theort'ticiil  grounds. 

Ill  {hv  year  1857-58,  a  jmrliaiiunitiiry  iommittee  waH 
np|ioitiU'd  to  imiuirc  into  the  aiusfs  of  somo  Jdays  which 
wm*  ftllcfjinJ  to  have  otxurretl  in  ihv  projsetHition  of  railway 
i^tt'qyriso  in  Imlia,  and  tht*  u  fiolc  >uhji'ct  «)f  Uio  special 
ni/u'hnitTv  lor  tlie  i^XLiriw  of  tfic  larjj;^  |)imtT>.  of  GovLTimicnt 
mntrol  given  hv  tht*  contnictn  was  inoidL-ntally,  hut  most  wirtr- 
fuilv,  at  tlif  saitic  tiMK",  ^oiiL'  into,  AVitli  ix'fjard  to  this  parti- 
I'Lilar  tli'tail  of  the  inquirv,  the  MiltetniRv  of  the  report  of  tlji.- 
iminnittt*e  was  "P  to  that  timt?  the  proj^rt?as  of  railways* 
under  eonstruction  in  ludiri  h*jre  favonrahle  fOTn|Mirison  with 
th/it  of  Knglish  lines,  t/utt  v,\[{'m^  testimony  had  betii  given  hy 
tnanv  of  the  railway  authorities  tfieninelves  to  the  value  of  the 
(rovtTMim'iit  foMtr*>l  to  the  interest^  of  the  eonjpaiiies,  when 
rntionaltv  and  teni|HTatf]y  iisetl,  anil  that  *  if  tlue  eare  kos 
taken  to  intmnt  dis»eretionary  power  only  to  men  who  are  to  be 
reii«l  on  as  competent  to  distinf^iiisfi  an  elfwtive  general  eon- 
trt)l,  from  too  ^reat  an  interference  in  details,  by  a  judteiouH 
adherence  to  the  spirit  rather  than  the  letter  of  the  contracts 
the  o»ininitt<'e  wan  assiireil  *  that  the  Hrrangementv  might  Ik* 
rtiinphtied,  united  action  for  one  cfmmion  otijeet  secured,  and 
railway  eriteqirise  tti  India  may  l>efore  U>ng  a'iHurne  proportions 
enmiuenmirnte  with  the  va>t  conunerfial,  a^icultural,  ajjd 
ntimTnl  rt*iiiurees  of  that  eountrv/ 

'VWtn  n'port  had  an  inmu^iate  lieiiefieinl  effect,  and  hmtight 
rtlx*iit  Mol  o!ilv  a  nu>iv  patient  aceeptaiiee  hv  the  companies  of 
the  i'4indvtion^  inipttM-d  hy  the  eoritrael  terms,  hut  Iielpeil  to 
prtnuote  a  greater  mutual  confi*ience  and  respect  for  opinion 
on  hoth  sidej^,  Tlie  companies*  oflieen^,  tin  time  went  on,  were 
k'd  to  ctnnpiv  more  strictlv  with  the  reaNonahle  retpiin'ineeit.s of 
llie  CfWifiiiUing  engiiu'er*  in  n-wjavt  of  tlie  fuller  and  more 
r!  '  ^  '  I  tropamtioti  i*f  de*<it;n>  and  estimate's  pri<»r  to  Huhiiiispicjii 
■  I  find  tJie  [alter,  mkmi  gaiuin^  a  wider  practical 

experience  of  the  debxiled  construction  and  working  of  rail- 
Tt*  induced  tt>  exercise  their  targe  power*;  in  a  hntarl 
d  spirit. 

'lt\r  control  cxemned  in  India  hy  the  cim.HuUing  engincer> 
to  Government  for  railways  over  the  whole  ex|>cnditure  and 
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operations  of*  tliu  guaranteetl  coiiipanicfi,  ha**  uiuloubUtilv  hiui 
the  nmst  Iwnt'fk'ial  results  in  s^tfe^^fuanling  tht'  general  intonst^ 
of  the  tmlian  ptihlic,  and  securing,  at  the  sumv  time,  the  iiltinifttt* 
interests  of  tht*  railway  fihart'fniUii"i>  tlit'mM'lvos ;  aiul  in  t-onK- 
qucncc  of  the  ahnost  nhsolutc  nature  of  the  control  L-xerfiwxi 
from  the  eoiiiineruvinent  hv  oxie  central  governing  authority, 
the  Indian  raihui}'  .system,  eonsidereti  as  a  is  hole,  hits  iK'en  KpamI 
many  of  the  now  almost  incurable  evils  which,  cftpeciallv  in 
England  and  America,  has  resiiltetl  firom  the  enormous  powvrn 
which  have  been  alloweil  to  fall  into  tlie  luuuU  of  the  grxTftt 
railway  corporations. 

In  relation  to  tlic  construction  of  the  fi;uarante<'d  hiu**  of 
railway,  the  princi}»al  fentnrcR  of  the  coutrtil  exiTcised  hv  the 
Indian  (rovcrinneiit,  either  directly  or  through  their  consulting 
engineers*  niav  be  thus  briefly  sumniarihed  :  The  iinal  decision 
as  t*)  the  direction  and  ciuirse  to  be  taken  by  tlie  railways,  the 
|KK^ition  of  all  the  more  important  stationsj  and  other  large 
works.  The  preliminary  approval  of  all  ilesigns,  estiinatt^and 
indents  whatsoever*  whether  for  workfi  or  e>tnbhsluuents.  In 
the  ease  of  cimipleted  line.s,  the  absolute  c*)ntroI  over  all  capital 
expenditure,  and  power*  of  supervision  and  rcguUtion  of  cverA 
detail  of  engineering  expLiiditnre  4>r  tniHic-workiiig  of  tlie  rail- 
way'. Spet'ial  powers  are  also  conferred  on  the  consulting 
engineers  for  Indian  railways  to  L^xamine  into  and  repirt  on  all 
cases  of  Rccidt.'nt  and  injury,  whether  to  bfc  or  prL*|KTiy^  within 
the  railway  boundaries*  To  minutely  in4]ieet  in  the  elo^l 
detail,  every  half  year,  the  working  condition  of  every  line  of  mil- 
way  in  their  special  circle  of  aiithoritv*  and  ivport  im  all  iiuittefv 
retpn'ring  attention,  whether  an  regards  the  stifetv  of  tlu!  line  or 
passengers,  the  convenience  of  tfje  pubhe,  or  the  Mell-lK'ing  of 
the  company\s  staff*.  To  inspect,  ])rior  to  ojjcning  for  [uuKsengcr 
Lralfic,  every  new  line  of  railway,  tjr  aiklitions  to  ohk-r  lines,  and 
to  flubject  at  any  time  to  stieh  tests  as  may  Ih^  dcenied  necesfr* 
sary  tlie  strengtli  and  stabilily  of  all  bridges,  whether  penna* 
nent  or  temporary,  whether  new  or  old. 

It  is  now  neceswiry  to  return  to  the  Ea^t  Indian  Ititilwav. 
The  construction  of  tl>e  experimental  line^  ISO  miles  long, 
through  Burdwan  to  the  llanuegungc  coal-Helds^  encountered 
to  the  full  tdl  those  ordinary  diHieuities  Mm!  jloluys  iji&eparabU* 


KAILWAYS  IN  INDIA 


in  Uie  iuiUation  of  iixr^v  iitul  mivrl  fiigiiii;i.Ti]i^  openitions  in 
'w  txiuntrv  :  Init  in  ailditinn,  the  rapid  prusociilion  of  the 
worliH  WiiK  gmitly  ftFfL'U'ci  Uy  tlu-  rcfirsjil  of  lar^o  aiul  cuiiipotcnt 
tiniLmctor*  tt»  un»iertnkc  ctiiitrnots  on  tlic  terms  at  timf  timu 
hi'ld  rfoscmahle  by  tlie  guvoniing  jiijthoritiL*.s.  Thu  works  were 
Lhcn'fori',  for  the  inosi  pnrt,  let  to  u  nnnihcr  of  small  find  in- 
cx|HTitMK'i*t.l  local  conLrnctoi's,  iiinler  ityreeiiients  w  hicl>  were 
alwj,  perha^MSf  sniiiewtiat  hnstily  entered  into.  It  whs  not^  con- 
it*cpiL-ntly^  until  SopfeinlKT  1854,  or  ut  the  end  cif  :5  yem-a  and 
9  months  frotn  the  eoinuieneenkent  of  the  works,  tluit  the  first 
MHrtion  of  the  experimental  line  from  How  rah  to  Pandua,  B7 
milts  in  len^h,  wns  opened  for  jinhlie  Imlfic,  or  until  Fehruarv 
lH3>j  that  the  whole  120  miles  to  a  [Kiiut  near  llanect;iiuge 
riwl-tieldn  wa^*  ctiinpleted  and  opened. 

During  the  cmirse  of  this  interval  Hie  orio^nal  contract  with 
the  "  I'ldj^t  Iiulian  Haihuiy  Coni|KiMy'  for  the  e\|H.Tiinental  line, 
had  Iknti  >iijpcrse<led  by  a  larger  one  for  the  construction  of  n 
railroad  the  whole  way  to  Delhi*    The  original  propositi  of  the 
ouniputiy  had  Im-ii  to  eoTi^tnlet  n  main  line  from  Calenttji  hy 
TLt  ilireet  route  to  Mir/jij)ore,  ^Mussin^  through  the  Shergotty 
nill*  and  on  tt»  Dt4lii,  with  hranchcs  to  Rnjmahal,  Patna,  and 
Beimre>*,  thun  avouliiit^  aUot^;cther  the  Ganges  vallev  cant  of 
Mir)tii|M>ri'.    0\vin>^  princijmlly,  however,  to  Colonel  Kennedy^* 
powtTful  advoeaey  of  river  vallev  nmtes  and  flat  ^jradient^  at 
this  fious  and  partly  on  local  eoininereial  considerations,  the 
/ilignmctit  eveutually  choM?n  for  the  main  line  was  that  rirt  the 
Vidlev,  friMii  Mnrdwan,  through  Ibijmahrd  and  IVtiuL, 
-ion  wliieh^  when  later  it  lH.rame  a  *|ue^tioii  of  douMing 
the  tnu*k  on  this  naite,  leil  to  the  eoiiHtruetion^  as  a  pivterahle 
'  itivc*  of  a  chord  line,  ^  ith  douhle  hni'  of  rails  passing  iiver 
1  of  the  liillv  distriel-v  in  order  to  shorten  bv  C4  miles  tlie 
toliil  length  of  the  through  route  to  the  I 'ppcr  IVovini^**,  imd 
to  traverse  a  \aloable  coal  ilintriet.    It  in  prolMihle  also  that,  to 
vtill  further  sfuvrtcii  the  thrf>ugti  route,  the  originally  pn>jecteil 
altginiMMit  ihroiigh  the  Shergotty  hilU  will  eventually  be  con- 
tictetl. 

The  lengtli  of  the  exten&iou  from  Biinlwan  to  Delhi  by  the 
Gnnge*  ralley,  t»r  loop  line,  first  decideil  ii|M>n,  was  miles, 
and  the  rontrael  witli  the  eum]jnnv  for  its  constmetion  was 
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sigiietl  oil  tla-  lotli  l-Vbruiirv  1854-:  hut  M)nif  time  bcfon*  this 
date  prcltmiiiarj'  sanctmn  to  tlu'  acc|iiisitioii  of  land,  mul  tlir 
coninieiifvineiit  r>f  Ihe  Mork.s,  hnd  hvvt\  atrortk'tl.  Fratu  thf 
year  1853,  tlu^rLtcire,  t\\v  cuiistmctiuii  of  tUe  mihvav  along  tin* 
eitteusiini  to  Delhi  continued  iii  active  ]irofj^rH.s  for  niaiiy  yeaiK 
interrupted  only  fr»p  a  short  time  bv  tho  St|>ov  itiiitinv  ;  until 
tlio  Ifiist  ivmniiiiti*?  link  of  ihv  inagriificeiit  trunk  lint-  extenilinp 
over  1000  miles  in  k-nt^th,  from  the  new  to  tho  old  mpitnl  of 
India,  viz.  tho  Knc  briiljjv  ovi-r  the  Juiniia  at  Pcllii,  Wiis  ami- 
pleted  in  the  year  lH<i(j. 

The  East  Indian  Ilaihva}'  Bystem  of  and  branches  han 
now  frrowii  to  n  total  length  of  lo^ah  miles.  He^ideN  tht' 
cliord-linc  with  iloirble  line  of  mil^,  constructed  to  avoid  pass- 
ing the  througli  tndtie  by  thii  gjv&t  loop  of  the  Gnnt^^s  vallev 
nt  Rajmalial,  and  numerous  short  branches,  a  lon^  braneh  of 
HUa  miles,  start inp;  from  Allaludwid,  effects  a  juiu^tion  \vit\\  the 
'  Great  Indian  Penijosula  Railway '  at  Jubbulpire,  and  thus  liak* 
the  important  I'rcsideney  eapitaLs  of  lionibav  niu\  f'aU'utta  in 
coDtinuoiis  railuav  eoimmniieation. 

As  early  as  the  year  1845  the  *  Madni>  Railway  Company' 
was  forme*!  in  Loniion,  with  the  object  of  constructing  a  ndl* 
way  almost  due  Wfyt  from  Madrjx.Sj  to  an  iiiiporbuit  eonnnercial 
centre  at  Areot,  but  being  tmable  to  obtain  any  pecuniary  con- 
cession, the  company  was  shortly  afterwards  dissolved.  In  the 
year  1849  the  project  wai?  again  revived,  and  apjilieutioM  wa> 
made  for  a  conce^sion  on  terms  similar  to  tJiat  grmited  to  thi' 
East  Indian  *  iuid  *  Great  Indian  Pcninsuh\ '  Raihvav's;  the  pro- 
posal was,  however,  rejected  at  that  time,  and  the  project  wa^ 
consequently  again  shelved. 

Soon  afterwards,  however,  siu-veys  and  projects  for  various 
alternative  lines  of  railway  in  the  Madnus  Presidency  were 
made,  and  in  a  preliniimiry  contract,  with  guarantee,  wa^v 
entered  into  with  the  'Madras  Itailwav  Company/  The  liwt 
|H)rtion  of  line  sanctioned  as  an  'experiment^  was  one  frxmi 
Madras  to  McniK  a  distance  of  50  miles,  a  lint*  whicli  it  was 
cotisidcrctl  would  be  connnon  to  other  railways  leading  townrJx 
MmlriLs  from  the  north-west  and  west.  This  length  wa^*  com- 
uu  nced  in  the  year  185S,  hut  before  much  prt>gix«ss  had  bc^n 
etteetetb  an  extension  of  the  line  to  IJeypore,  a  small  port  on  tlie 
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opposite  western  coast,  yvas  sanctioned  ;  the  contract  with  the 
Company  being  signed  in  December  1855.  The  first  section  of 
the  Madras-Beypore  railway,  64  miles  in  length,  was  opened  on 
the  1st  July  1856,  and  from  Arconum,  a  point  situated  43 
miles  from  Madras,  a  trunk  railway  was  afterwards  constructed 
in  a  north-westerly  direction  through  Cuddapah  to  Raichore, 
effecting  a  junction  at  that  place  with  the  Great  Indian 
Peninsula  line  coming  from  Bombay.  The  complete  connection 
by  railway  of  the  Presidency  towns  of  Bombay  and  Madras, 
although  it  had  been  early  recognised  as  of  Imperial  importance, 
was,  however,  delayed  for  some  years,  ])artly  owing  to  financial 
exigencies  arising  from  the  Mutiny,  and  partly  to  prolonged 
discussions  and  sur\'eys  of  the  various  alternative  routes  pro- 
poned for  the  connecting  line. 


CHAPTER  VIII 

*  EAST  INDIAN     RAILWAY  AXI>  HOOGHLV  BRIDGE 

Progress  of  Railwaj's — Peculiarities  of  construction  in  India — Relative  value  of 
land — Labour  &cilities — Manual  labour — Small  number  of  over  and  under 
bridges— Level  crossings,  and  employment  of  small  bridges  and  culverts  for 
cross  traffic — ^The  large  use  of  iron  on  Indian  railways— India  the  country  of 
large  girder  bridges — Methods  of  founding  piers  and  abutments — Foundation 
well-sinking  of  native  origin — Description  of  well-anking — Erection  of  iron 
girder  superstructures— Outline  description  of  works  on  the  East  Indian 
Railway — Flood-openings  and  bridges  on  the  first  section — ^Monghyr  tunnel 
—Route  followed  by  line—Bridge  over  the  Sone  river — Description  of  works 
— Interruption  by  mutineers — ^Tonse  bridge— Jumna  bridge  ftt  Allahabad 
-Delhi  Jumna  bridge — Detailed  description  of  recent  bridge  over  the 
Ho<^hly  near  Calcutta — Sinking  the  pier  caissons — Accident — Erection  of 
superstructure — Completion — General  particulars  of  East  Indian  railway. 

ndian  ^VK  have  now  traced  in  outline  the  liistory  and  fortunes  of  the 
ftjr  and  three  earliest  trunk  lines  of  railway  projected  and  constructed 
in  India.  Inaugurated  by  the  opening  of  the  first  20  miles  of 
the  Great  Indian  Peninsula  line  in  the  year  1853,  the  railway 
system  of  the  country  has  since  steadily  expanded,  until  40 
years  later,  in  1893,  the  total  length  of  railways  opened  for 
])ublic  traffic  has  reached  little  short  of  17,000  miles,  constructed 
at  a  capital  expenditure  amoimting  to  some  9Sn  millions 
sterling. 

The  practical  construction  of  railways  in  India  varies  little  in 
general  methods  from  those  practised  in  other  countries.  Tlie 
leading  principles  of  ordinary  railway  construction  have  been 
already  sketched  in  previous  chapters,  it  will  not,  therefore,  be 
now  necessary  to  do  more  than  indicate  such  minor  points  of 
difference  in  constructive  details  as  may  be  more  or  less  peculiar 
to  the  circiunstances  of  India.  First  then,  owing  to  the 
generally  level  character  of  the  coimtry — especially  in  the 
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plains  of  Hindustan — the  periiianent  ^*ay  railways 
i»ciirm^  for  the  inu8t})art  on  eiiilmnkiiient  of  moderate  height, 
ttinffs  of  generally  rare  occurreiKe.    In  the  cotistruetioii 

*  earthworks,'  wliirh  form  so  large  an  item  in  the  *  tVirniatioii ' 
c»f  a  railway,  it  is  seldom  econoniieat  or  nect^isary  in  India  to 
IraiLtjMjrt  soil  from  one  part  of  the  line  to  another,  such  as 
li*a<liii^  or  carrying  hy  mechanical  means  material  from  CLitting>i 
for  the  bin'lding  up  of  ensbanknieuts.  The  relative  value  of 
biiicl  is  s4>  jimall,  and  laljour  fticilities  so  ffreat,  that,  Jis  a  rule, 
the  cheapest  manner  of  throw in;^  up  LnnlHiiikmentA  is  to 
em])k>v  nmnual  lalwiir  in  ohtainin^j  the  ne'eessar)'  ninttTitil  from 
>i<le-ciitlinp*  e\e^l^ateci  alon*^  the  Hidi>  i>f  the  railway^  and  in 
the  few  eases  whm-  eiittiugs  oeetir  to  plaei'  most  of  the  ex- 
envutwl  material  to  '•spoil/  Tlie  side-euttingH  are  shallow 
detached  pits  ilu^  ])arallel  with  tfu'  courM'  of  the  line,  outside 
the  iHHMulary  of  the  |X'rinancut  laiwl  cKvnpietl  bv  it.  In  tlie 
inon*  Inlly  portions  of  the  eomitrv  throiigli  whieh  a  raihvav  luav 
l)e  carrit,xl»  ami  where  more  nnnieioKs  cuttings  will  nece^-sarilv 
mvnn  tho  method  of  forming  the  eartliAvorkh  will  still  lie  de- 
}K'ndent  on  econonn'  tis  govrrned  hy  the  valuer  of  laiul  and 
Inljonr.  For  the  nuxst  part,  therefore,  in  India  the  furnmtion 
earthworks  of  a  line  of  railway  art*  carried  c*ut  hv  direct  manunl 
iiiethod.f  witliout,  as  a  nde»  the  iTjterventi<»ri  of  siicfi  aids  as  *  tip  ' 
wagons  and  other  uu^chftnieal  applianei's^  nil  tlic  earth  or 
iiuittTial  lading  Imnight  or  removed  In  large  Ijodies  of  men, 
uonuMi,  and  children,  in  small  Iwiskets  carried  on  their  headt*, 
'Vhia  matmer  of  working,  liowcier  primitive  in  ap|}earance^  is 
in  jiracliee  found  to  lie  sjK'cdy  and  efficient*  as  well  as  eco- 
nnmicnl,  wherever  a  large  c]uantitv  of  labour  can  Ix?  engagcil,  as 
in  counnonlv  the  ivise* 

nie  generally  level  cimracter  of  tlie  country— combined  with 
Uie  eotn^iarative  raritv  of  urdinnrv  crofis-etnintr\'  nuuls,  and 
lUe  rebitively  *nmll  nnmIxT  of  traiiw  rnn»  prt^vent**  alM>  in 
India  the  necessity  for  those  ninneriHis  over  and  uiidrr  bridges 
interscrting  »  line  of  rniluay  s*>  onuiiion  on  European  line*. 
Such  bridges — except  in  the  imuietliate  neighlxnirluHHi  of  large 
toiviu — areaccowlinglvof  nire  occum'nee,anden>ss-e<mntrvroads 
or  tracks  an-  for  the  most  part  f»av^t*tl  o^er  the  lines  of  rail  b\ 
of  eros-»iiig-^  on  tlw  level,  gates  inid  a  hnt  or  hxlgr  fur  thr 
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gatekeeper  being  provided  at  all  vehicle  crossings.  The  rail- 
ways, as  we  have  seen,  are  largely  carried  on  embankment,  and 
the  numerous  drainage  under  bridges  crossing  the  smaller  water- 
courses, being  usually  dry  for  a  considerable  portion  of  the  year, 
can  be  and  are,  largely  utilised  an  cross-passages  for  foot- 
passengers,  cattle,  and  even  for  the  ordinary  vehicular  traific  of 
the  countrv  districts. 

The  use  of  iron  in  the  construction  of  railways  is  probably 
more  largely  resorted  to  in  India  than  in  many  countries. 
*  Sleepers of  cast-iron,  wrouglit-iron,  or  steel  are  greatly  used 
as  a  substitute  for  wood,  owing  to  climatic  conditions  rendering 
the  softer  kinds  of  wood  sleepers  liable  to  rapid  decay,  and  to 
-  the  difficulty  of  procuring  seasoned  hard-wood  sleepers  in  suf- 
ficient quantity.  Although  the  advantage  and  economy  of 
masonry  structures  is  fully  recognised,  iron  and  steel  is  also  used 
to  a  very  large  extent  for  the  superstructure  of  railway  bridges, 
not  only  in  those  cases  where  the  unavoidable  size  of  opening 
renders  its  use  imperative,  but  to  a  considerable  degree  in  cases 
where  in  other  countries  stone  or  brick  archwork  would  be  pre- 
ferred. In  many  parts  of  India  either  stone  cannot  be  econo- 
mically procured,  or  good  brick-earth  is  difficult  to  obtain,  or 
it  may  otherwise  Ik  that  the  conditions  of  sub-soil  for  founda- 
tion purposes  arc  not  suitable  for  arched  structures.  Iron  or 
steel  bridges  of  large  average  size  are  imposed  by  the  magnitude 
and  conditions  of  the  numerous  great  rivers  of  the  country,  and 
India  is  consequently,  in  a  pre-eminent  degree,  the  land  of  heavy 
iron  bridgework  for  railway  purposes.  The  foundations  of 
many  of  these  large  iron  structures  present  some  peculiarities 
which  may  be  here  noted. 

The  most  usual  method  of  founding  tlie  abutments  and  piers 
of  large  bridges  in  the  sandy  beds — extending  often  to  un- 
known depths — of  the  great  rivers  of  the  Indian  plains  is  bv 
sinking  cylinders,  or  wells,  of  brickwork,  either  singly  or  in 
groups,  on  which  tiic  pier  superstructures  are  built;  or  bv 
sinking  the  whole  pier  of  an  elliptical  or  other  form  by  means 
of  well-openings  or  cliambers  provided  in  the  mass  of  the 
masonry.  This  system  is  one  wliich  is  an  improved  and  highlv- 
dcveloped  adaptation  of  old  native  methods  practised  in  India 
for  centuries  in  the  past.    Nearly  all  tlie  ancient  bridges  of 
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linliH,  mni  t'vni  in  ihv  mort'  rcnuito  ivgioii^  beyond  it» 
n-,  were  fomuU-d  ou  brick  cvlintlcrs  sunk  into  the  sandy 
ftlir  riviTs.    Eiij^lish  cnj^inwrs,  rtfo^^uisiu^  itHsuiliihiliU\ 
?iliiml  the  prm'tice  of  fovindatioii  well-siiikiiip:  to  a  liighly- 
\yvti  iirt,  mu!  have  intrixliitriHl  iiiiineroilK  iiiochmiical  con- 
ly-s  and  t'\p<tlieiits  f(jr  rapidly  sinking  the  fvlinders  to 
deplks,  but  tlie  prim  lph'  is  out'  entirely  tlerivi'd  from 
sources.    In  these  wells  the  brickwork     commenced  on 
ir    more    it?tUH!lv  ou  wrciught-iroii^  curbs  of  great 
;h,  suspeiuUMl  by  verticnl  lic-roils,  |ms.sing  through  iron 
tiuMTted  at  intervals  in  the  mawonry.    In  the  ease  of  cir- 
welU  tlie  internal  diAtiietcr      ^mfmlly  fibout  half  the 
iiU  diameter^  m\  that  the  thieknchs  of  the  briekwork  will 
luftrter  of  the  ivht>lc  width.    The  sand  or  other  nuiterlal 
Itli  in  Mitikin;^  is  ^luhmtfv  withdrawn  through  the  t^ntml 
tif  ttie  well  Itv  tiieaits  of  siiitvil>le  tnirhiinteiil  tlretl^jers  of 
ious  kinds,  assisted  on  occitAjon  by  divers  working  under 
Ivater ;  nm\  jifler  tfie  ^iTikln^^  has  bc'cn  enrrietl  to  ii  eertahi 
UMially  alxiut  one  to  i\\\>  diameters — the  welU  are 
with  a  heavy  weight,  sueh  as  iron  rfiils  or  brieks  stacked 
m  them,  in  order  ti»  overcome  the  side  friction  of  tire 
mders.    These  foundation-wells  are  fre<]iicntty  foiretl  down 
Wtni  lifptlw,  Mieli  ns  80  to  100  firt,  and  reaching  even  140 
B  Wlvi'U  the  linking  to  the  di'sin-t)  depth  is  cotnplete,  the 
Wf>v  s|mve  (or  s|wieeN)  is  sealed  at  tlie  Ixittotn  willi  a  certAin 
:knesA  of  cement  concrete  depiwititl  in  the  water;  the  latter 
lu^n  removed,  and  the  remaining  lii>Uow  portion  is  plugged 
k  oniinarv  concrete  or  brickwork.    I'luhie  M.-oiir  at  the  site 
pim  \%  cheeketl  by  the  <1eposit]on  of  large  niiisses  of 
H  *stone  of  preat  si/e  and  wci^^ht  thrown  rrnnid  them.  As 
Bl'er^,  espeeiully  in  I'pper  India,  contain  little  viater  in  the 
^Mw>n«  it  \s  at  this  period  that  mmt  of  the  well-Atiiking  in 
on,  and  the  protet-tive  sti>ne  is  deposited  :  the  latter 
iK'iug  tiftni  continniil  for  seveml  sea'.on>»  or  for  such  time 
be  necessary  to  ivplact?  the  nmgh  slone  which  gnuhiftUy 
h>w  the  IhhI  during  tite  seasons  t»f  tliuHl.     During  the 
nth-*  4)f  the  u*nr  bridge  fnimdatioTi-uells  can  largely  U* 
I  directly  in  po>*ition  on  the  ex^iosetl  surface  of  the  river- 
t  nherv  tlie  operation  has  1o  In*  e\tvutt*tl  in  water  of 
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more  or  less  considerable  depth,  the  foundation  blocks  are 
commenced  in  iron  caissons,  of  varying  height  to  suit  the  depth 
of  the  water,  and  numerous  variations  may  occur  in  the  special 
means  employed  for  forcing  the  wells  through  the  sand  or  soil 
of  the  bed  below. 

The  particular  methods  adopted  for  erecting  the  iron  girder 
superstructures  of  large  bridges  have  little  or  no  distinctive 
features  in  India ;  these  methods,  there  as  elsewhere,  are  depen- 
dent on  numerous  special  or  local  conditions.  Where  the 
height  of  the  work  and  circumstances  of  the  river  admit,  the 
most  usual  arrangement  is  to  construct  between  the  piers  a 
timber  staging  of  sufficient  strength  to  carry  temporarily  the 
weight  of  the  ironwork  until  it  is  erected  in  place  piece  by 
piece.  In  cases  where  the  erection  of  staging  in  the  river-bed 
is  inadmissible,  various  other  expedients  have  to  be  adopted, 
some  of  which  will  be  detailed  in  the  examples  of  particular 
bridges  which  follow. 

With  the  exception  of  a  remarkable  bridge  erected  in  recent 
years  over  the  Hooghly  channel  of  the  Ganges,  the  East  Indian 
Railway  from  Calcutta  to  Delhi  contains  no  example  of 
engineering  construction  of  the  first  order  of  magnitude,  but 
probably  few  lines  can  exhibit  a  greater  aggregate  number  of 
difficult  undertakings,  such  as  in  any  other  country  but  India 
would  be  coasidered  works  of  a  large  and  important  character. 
The  first  division  of  the  railway  from  Howrah  to  Burdwan,  and 
northwards  to  Rajmahal  and  the  Ganges  valley,  traverses  a  low 
portion  of  deltaic  land,  subject  to  extreme  inundation  from  the 
water-system  of  the  coimtry,  where  the  drainage  problems  to  be 
encountered  and  solved  by  the  engineers  of  the  railway  were  of 
exceptional  and  extraordinary*  magnitude.  Over  this  wide 
expanse  of  level  country',  subject  to  an  excessive  tropical  rain- 
fall, inundations  from  the  flood-spill  of  the  enonnoas  channel 
of  the  Ganges  and  other  great  rivers,  are  often  spread  as  a 
vast  sheet  over  miles  of  country,  converting  the  whole  district 
into  the  semblance  of  an  inland  sea,  from  which  only  the 
inhabited  villages  along  the  higher  marginal  leveLs  emerge. 
The  formation  of  long  lines  of  railway  embankment,  checking 
the  free  movement  of  this  exjmnsc  of  waters,  necessitated  the 
provision  of  an  extraordinary  number  of  flood-openings,  built 
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pLVuliarly  treachcrouH  soil — lui^  ing  a  total  aiva  of  water- 
way surticient  to  nllnw  Hio  fret*  [wlssh^',  eonct-iitratinJ  nt  certain 
definite  lower  lcvcl«,  of  fmgc  volnmos  nf  fl(M>d-watfi\  whirli 
fornit'Hv  wiiiiJori'd  uJirt't^tritU-ii  owv  iiiJitiv  uiiU-i*  of  t-uuntn. 
In  juklition  to  thcsi*  numerous  fltKxi-ojH'ninp*^  fiitirt'lv  coiWincd 
to  the  disposal  of  tlu*  iijuinhitions  fnmi  tlu-  iiuiiri  rivers,  tin- 
Haum*  of  the  F.ast  Iitiliau  Ilailway  aK»ii»^  ttie  lovv-lviii^  jKirtiouN 
^Htiie  Ganf2;e«i  valley  neci?K.sitatc'(]  the  erussing  nt  their  widest 
^ImntA  of  nil  unusually  larjje  nuiuhcr  of  iiuportant  t'lmnnels  and 
broad  deep  rivers,  ret|uiriiig  britl^iis  i*r  viaduet^  of  heavy 
(limea-ttonH :  aueh  were  tfie  viatlucts  over  the  rivers  Adjai  and 
Mor,  the  tir>it  ^]*aiim*d  by  l>riek  rtrelie>N.  eaeli  of  50  ftrt*  and 
the  mh'oikI  hv  Ji  t  are]lc^  of  the  siune  sizt* ;  tlie  Duarkii  and 
BmJiinint  bridges  of  7  and  9  >i;ircler  s|mnsof  60  feet ;  the  latter 
having  7  uiiLHiHirv  arcbes  of  ii-t  fiH't  in  prtdoiit^nt ton,  Jind  tJie 
Ugla  bridjre  of  s|m(is  of  ^8  fctt,  toid  4  nf  (iO  feet  ^irder>, 
her  with  u  ftuceession  of  othei>)  f)f  M-tireely  inferior  opeiiiufr. 
c  totfv!  leii;^b  and  area  of  waterway  in  vijuluets*  bridijei*, 
eiilvertn.  and  Uood-opi'uiu^H  jiloiit;  thi^  portion  of  tlie  \'\i\st 
Indian  JiHilway  i*  probably  ijrwiter  tliaii  on  any  equal  length 
i»f  line  in  existence.  The  fountlatioiis  of  Hie»<e  struetiires,  and 
Kcncrallv  of  all  similar  eonstruetioiH  on  this  side  of  India,  were 
formed  bv  linking  bliK*kii  of  niasoiiry  perioratinl  witli  holoH  or 
*ell<,  <hnnip;h  which  the  S4»ft  alhiviid  s4»il  antt  siirid  lielow  the 
b|fK'k?i  Viii^  withdrawn  bv  means  of  dred^rin^  instrnnients^  tJie 
ftinking  l>ein^  continuetl  initil  a  IxhI  of  clay  whs  met  with  ;  or 
failing  this,  until  a  depth  "fts  rearht'ti  eon^ideRsI  *ulTietent  to 
X  the  ftaituhition  iHyiMui  ttie  reaeli  of  seour. 

r  pafViing  the  IxmuI  of  the  (riing^^  nt  Itajiualml  the  mil- 
i*  carrifii  on  the  higher  niargiiinl  larut  la't  wwn  I  lie  rivrr 
the  iniindat*"d  districis  ^iluateti  on  n  lower  level  than  the 
ImhI,  croHMtng  all  the  numerous  iTitiTM-eting  channebi,  and 
niijch  heavy  eftrthw(»rk^  and  bridge  and  HiMxl-areh 
1-  I  ;  the  larger  bridges  here  eonsisting  of  frtmi  i^  tit 

t  opt'uing?*  of  60  fwt  ginlers.    Near  Mongliyr  txrurs  the  onlv 
ili  of  a  tunnel  on  the  Kjtst  Iiulian  Uailway.    Thin  tunnel, 
„  1  IIkt  lust  spun*  of  Mie  K\ iiH>re  hills  is  of  short  length; 
only  !MK>  feet  long,  pierce*!  througli  (JOO  feet  of  clay  slate, 
t  500  feet  of  which  rcipiinn!  bnek-lining,  And  tWXl  ftvt  of 
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ilimrt/  rock  cjK  oxcfptioiial  hartlncn-s  A  •ihort  distatice  l>eyond 
.Mon^!;hvr  the  line  encounters  severe  olistiit'lcs.  Here  a  Inrj^' 
]x*rtu>n  of  the  aeeurnolateti  fli>oil-s|iill  of  tlie  Gaii^^es  pAv^oti 
thniugli  a  ^t\\>  ]]i  tlie  nuir«;tnal  Iwmk  tA'  tlie  river,  aini  fhirin;^ 
llie  scAson  of  fl(»od»  the  ^vhole  w^uiitry  is  often  under  water  to 
a  depth  of  8  or  10  feet,  Tiinuigli  the  cipenin^  two  river*  of 
eonsidcrahle  nia^iiitiule  hUo  pa.sK,  vi/,,  the  Keeul  and  tfie 
Hulohar*  In  oiiier  to  mrry  tlic  hne  cinwards,  k-ss  than  (KM) 
tiood  HTches,  oieh  15  feet  -spnn,  were  m|iiired.  The  Keeul 
i'ivvv  wan  wpanneil  liy  9  girtler  opening  of  150  feet,  Jtiid  \Uv 
Hulohar  hy  4  Ajmiis  of  siniilnr  size,  the  picn*  nnd  abntinenti 
lieing  foiiiuled  on  hriek-^vt'lls  of  10  feet  and  feet  diameter, 
sunk  from  iJo  to  45  feet  into  tlie  river-bed.  AIto;;ether — 
ineUidiii^  floo4l-iijK?nin»r*- — to  pass  this  ga[>  no  lesB  than  11,400 
lineal  feet^  tir  over  t^^o  miles,  of  waterway  vnw  i>rovide4i.  Hie 
original  Heii|^al  su-tion  of  tfie  East  Indian  Kailwav,  from 
Ihndwan  vin  Rajmatml  to  the  lx)rder  of  the  IU*nfjal  province 
at  the  Kin'uniJiNwi  river,  Is  410^  nnles  Inn;;;,  'I'he  t■on^t^uetion 
4if  this  ditHeuit  lent;th  involved  not  far  short  of  lOOi)  niiilioiiH 
of  culiic  feet,  or  HI  million  cubic  yards,  of  earthworks,  and 
nearly  40  millions  of  eidne  feet,  or  a  million  and  a  half  of  cubic 
VHrdi^,  of  Iniekwork,  4jf  M  hieh  latter  Sh  tnillions  of  cubic  feet 
weiv  situate<l  in  one  short  length  of  21  miles. 

The  above  exaniple-i,  out  of  a  largo  number  that  nii^ht  hav 
been  quoted^  will  serve  as  an  ilKistration  of  the  extraoitlina 
character  and  n«tnre  of  the  drainage  difficulties  encountvrwi  h 
the  East  Indian  Uailway  alon^  the  Uiwcr  portion  of  theGaii^ 
^alk^y.    It  was  hartlly  to  Ik'  e\pected  that,  nearly  forty  ye"" 
ago,  railwav  engineers,  fresli  from  Enf;liind,  nnd  working  uiule 
an  entirely  novel  set  of  eoFulitionn,  should  at  once  have  full 
grasped  the  e\.eeptioiial  Jialure  t*f  the  problems  presented,  i 
]>roviding  for  the  eHicieiit  drainage  of  a  line  of  railway  in  micIi 
a  ilistrict  as  Ik^ngaL    The  experience  of  tlie  fii-st  few  years  cor- 
rected nuniej'ous  initial  nnstakes,  and  supplemented  innufHcien 
)>recautioiis.     In  uiauy  cij^s  bridges  as   at   (irwt  dc^i^Rtl 
I>rovetl  far  t<xj  small,  and  had  to  be  extensively  enlarged,  . 
ipiantity  of  additional  Hood-iipcniTtgs  had  to  be  provided,  aiu 
foundatiotis  injured  or  undennined  by  the  force  and  volunu^  o 
the  pent-up  HtHtda  hail  to  l>c  stivngthenetl  luul  ^eeu^vd.  'lli 
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nnis  nature  of  the  sul)r»oil  of  tlio  GiuJgt's  vallt'V  ns  h 
f<mtidttti{>ti  for  arrlied  fitnu'turcs  was  (iioreover  fit  first  inipcrfectlv 
realised,  and  much  rec(>n>tmt*tii)ii  iuhI  rqilucenit^nt  of  hrick 
archcit  by  iron  ginlers,  wiis  fmni   tinif   to   tiim*  reiuk'mi 

lA*aviii^'  the  FroviiK'f  of  Ik'ii^^iil,  thf  lint*  of  tht*  K:ist  liidiun 
Hidlway  finvceds  to  Mogliul  JSerai,  a  junction  stiitiim  for 
Ikrnart-s,  and  to  Allahabad*  whi^re  it  ctossl's  the  Jumnn  rivor  bv 
ji  nuiirnifuvnt  hridf^e,  and  throws  nff'  a  lon^  branch  to  the 
.rii]»bLdjK>re  tcnnimi^  of  tlie  line  frniii  Boinhay.  From  Allaha- 
hiii  the  iimin  roatf  is  carried  in  nearly  a  straight  line  to  Cawii- 
\K>rv  (finally  leaving  tlic  ncigld>ourh<)od  of  tlit  Gang's  at  that 
place)  ami  across  the  Gan^fs  Junnia  Dmb  to  a  point  within 
thirteen  miles  of  A^ra,  to  which  towti  a  hraneh  line  now  extendn. 
Hence  by  (he  left  hank  ttf  the  Jmnna  the  lino  is  carried  to 
IMtii*  where  it  enwses  to  the  ri^ht  bank  of  tlie  river  and  enters 
the  city.  Kxeluding  the  recently  erected  hritli^ie  over  the 
HiKjgldy  ehaiiTiel  near  Calcutta*  the  four  principal  bridges  on 
the  uriginid  tnafn  line  of  the  Ivist  Indian  Itailwav  nrv  those 
over  the  Sone  river*  tlie  Ti)nsc\  the  .lunma  at  Altalmbad,  and 
the  fiiune  river  a^ain  at  Delhi.  Tlie  lirst  and  last  two  of  the*ie 
hrid^^TK  im  reuuirkrtbly  line  structure^i,  ami  are  only  dwarfed  bv 
a  few  mi»re  modem  example?*  of  briilgework  situated  on  tnher 
lines, 

TIr'  bridge  over  the  Soiie  river  merilj^  MJinewhat  detailed 
notice,  ttH  the  first  eNample  of  thrwe  large  iron  railway  brid|jreM 
^o  numerous  in  India,  It  ^uih  In'gun  in  the  year  1H5(>, 
was  tintsheil  at  the  close  of  thi-  year  1H(>!^,  it^i  progress 
having  been  seriouiily  interrupted  by  the  Sepoy  Mutiny  of 
1837,  The  total  length  of  this  fine  structure  h  47*'^  fwt  or 
Jlhft  of  a  mile,  and  it  consists  of  JiH  decketl  spans  of  150  fi-et,  or 
1G2  feet  from  centre  to  iTntre  of  pien^,  which  are  cfich  152  feet 
tliick,  ciirri<*d  on  three  brick  wells  of  18  feet  dianteUr,  sinik  to 
a  depth  of  .'W  fwi  below  h)w-water  into  a  sliftMH-*!  of  vellow 
day.  'Hie  following  account  of  this  interesting  bridge  \»  nmeh 
Abridgrd  fr«ini  a  work  on  Ihe  railwavs  <if  India^  compiled  fnnn 
tlic  ItcvordA  of  the  India  (Office,  ^uid  publishetl  in  the  year  18()8 
by  Captain  Davidson,  H,l\. — a  work  to  which  thi%  volume  ix 
gjviitty  iiuicbteil  for  tuitch  inforuiatii>n  cm  the  earlier  railway 


Hn€s  in  India.  Tlie  Sonc-  n\er,  Hhiug  iu  die  I'lfvatwl  liistri 
of  Ceiitrni  India,  tnivcrst's  tho  plmn^  «f  South  Helwr,  find  di»- 
chargi^s  it>*clf  into  tlic  (ian^ji's,  near  Fatna,  ixfU'v  draining;  an 
area  of  nearly  ii;J,0O<)  isi|uarf  miles.  Its  extreme  disrhargi-  in 
fl(XK]K  \H  sai(i  to  be  about  1 J  uiillion  of  cubic  feot  per  ^iccond. 
TJie  eliief  peeiiliiirity  of  tlie  river  is  the  great  width  of  ils 
ehauncl  in  the  louer  reatiies.  For  the  greater  part  of  10<* 
miles  it  is  over  U  niiles  wide,  and  rcaeJies  as  inueh  a«  n)ile<. 
This  wide  expanse  of  l»ecL  nirnn^li  wliieli  dnrinf»  eij»ht  or  ninr 
months  of  tlie  ye,ar  onlv  a  narrow  stream  nieuiiders,  coa^i^t;* 
entirely  of  Hnc  sand,  Ajjpearinp^  to  tlie  trnvfllcr  like  the  surfaw 
of  a  ffreat  snndy  desert  Duriiv^  the  M-ason  of  iloods  the 
depth  oi*  water  enrried  n\'tTages  barely  SiO  feet,  an<l  it  .seUIowi 
exeeeds  :iO  feet  in  the  ileepest  parts.  The  whole  width  of  ihv 
immense  channel  iPi,  moreover,  rarely  t'omplctely  covered. 
After  careful  examination  of  this  formtdal>lc  tdistacle  to  the 
rarbvavj  a  narrow  point  not  far  ivmoved  from  the  natural 
direction  of  the  HnL'  was  selected.  Here  the  river  was  only 
abont  4000  feet  in  widtli;  and  the  Imnks  were  high  and  com- 
|)oscd  of  clay,  a  l>etl  of  clay  was  also  foinul  by  l)orings  In 
umlerlie  the  sand  across  the  wliole  width  of  the  bed.  It  was 
at  first  proposed  to  construct  a  bridge  of  brick  arehejs ;  but 
after  some  diseiussionj  it  was  finally  tlecided  to  adopt  brick 
foniulation-wells  with  piers  of  sinn'lar  material,  used  to  support 
a  f^uperNtructure  of  wn>nglit-iron  girders^  each  of  150  feet  s]Min, 
carrv'ing  the  raiU  on  the  top,  and  having  an  ordinary  rtwwlway 
below.  The  foundation  of  the  fir^t  pier  sunk  in  the  year  IHSti 
was  com|>osed  of  a  group  of  twelve  brick  wells,  each  10  feet  in 
diftinetcr,  laid  close  together  in  two  rows  of  live,  with  luldi- 
tional  wells  at  either  end  for  the  cutwaters*  Initial  work  on 
the  hridj^e  was  well  in  hand,  when  in  July  1857  the  native 
regiments  at  Dinapore  mntiriied,  and  marching  townrds  tJir 
west,  overran  the  works.  'The  resident  engineers,  their  wivps 
and  children^  together  \vith  inspectors  and  overseers  and  their 
families,  escaped  in  the  iron  boats  In^longing  to  the  railwnv 
company  to  I)ina[K>re,  and  the  nuitiueers  left  nothing  un- 
touched lliat  was  des^trnctnble;  then  continuing  their  nuu*ch 
along  the  line  thev  can^e  to  Arrali,  where  Mr.  IJovte,  the  resi- 
dent engineer,  had  furfified  ii  house.     To  it  llic  Kuropean 
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iiU,  16  in  uuitilitT,  vvitli  45  Sikli^,  retreated,  and  bravely 
led  ihetitselvi'si  for  a  week  against  immense  o<}lU.  The 
'necrs  iifler  crossing  llie  Sone  liad  In^en  ji>uu'tl  l)y  a  ehief 
Cttlleti  ■*  Koor  Sin^li,"  nml  niinilMiTirig  iilnint  i^5<KX  had  invested 
i)tv  liuiisi'  i»ecu|>ied  l>v  the  residents  of  the  eivil  station  of 
Arrafi,  ajfHinst  whieli  tlirv  tired  a  fteld-wim  which  was  in  their 
ptjssi-viitni.  The  Ifltle  »;arrison,  liowfver,  bravt'ly  lielil  the 
fl&ce  until  relieved  bv  a  force  under  Major  J-lyre,  llengnl  Artib 
k-rv,  ulio,  ninreliin^  fnmi  Hnxar,  defeatetl  the  rebels  in  an 
ictiini  ru'fir  the  town  of  Arrnh.* 

I  It  has  been  ehtiumteil  that  the  value  of  pro|>erty  destroyeti 
in  1H.57-5H  by  the  itnithurrN  at  tlje  Sone  bridfre  alone  Vkus 

KOOO;  and  Ifiat  the  total  bws  from  the  tmitiriy,  on  all 
t  of  aceount  suflereii  by  tlie  Efvst  Indian  Railway  Com- 
,  oivr  the  mIioU'  line,  nnioiinti'd  fo  rni  equivalent  of  three 
butlion^  -•'terlinj;. 

Work  at  tlu*  bri(J^  sit^?  wa«  of  course  sus|H>ntledf  and  eoidd 
Dot  be  rvNunied  until  Novemlwr  1858*  when  operations  had 
brttrtieallv  tii  l>e  einnnieneed  novo.  The  dei*i^n  lor  the  pier 
fbuisdtttiouK  WAM  now  niodided,  and  in  place  of  the  cluster  of 
unall  10-feet  wells  orij^iimlly  intended,  the  piers  were  founded 
pn  threv  welU,  I'^^'h  IS  ftvt  in  (liarneter,  built  on  very  fttrong 
^rou^ht-iron  eurb*i,  having  vertical  irt»n  rods  atbuhetl  to  theui 
btHUiivtinl  with  hori/i>idii1  rings  of  iron  biiiU  nt  intervals  into 
tlie  brickwork.  The  fonndation-wclLs  were  sunk  into  the  river- 
beJ  to  an  nvera^'  ileptli  of  3J2  fi-et  l>el(»w  low-water,  enterin^f 
\ain  A  IkhI  of  f^titl'rlay,  and  by  the  year  18(50  construction  work 
tm  all  thf  piers  wan  in  full  progress.  As  ^nm  as  the  piers  weR' 
K»Mipl<'ti*<l,  the  ^nrders  were  rapidly  erecteii  by  the  niil  of  a 

Kier  !»ta|jin<{ ,  ami  the  bridge  was  virtually  Hnished  by  tlie 
|of  the  year  1861,  its  final  completion  Ih'IU^  unfortiniatelv 
Ted  bv  the  loss  of  evrtuin  |)ortions  of  the  imn  work  in 
«U  M>  thai  it  was  not  remly  for  tralfic  nntil  the  end  of 
The  ^et^tion  of  main  line  as  far  as  Moghul  Serai^  w^ls 
nftenftxinl-*  otHei^dly  opemtl  by  Lonl  Kl^in,  >  iecroy  and 
ki>r-ixenend,  vh.  in  Febnmry  ISGJi.    The  initial  cost  of 
ictiiig  the  Sone  lirid>^i.',  wiiich  woa  completed  for  a 
Imble  line  of  rails — itu'lndinj;  protective  works — is  given  OA 
hn  of  rupees  or  i'iViO,000  at  par. 
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Tilt*  bridge  over  tlie 'I'anw  rivtT,  Hliiatoti  in  ihv  MirwtjMtn- 
difitpict^ftlwjut  Sil  niik-s  east  of  Allaluilnul,  \\a^  a}ui)>U'tL*ci  in  the 
year  1864,  ami  cnmbk'ti  the  line  to  Ix'  (ijjeiiod  as  fur  as  tlwt  city 
on  the  l^t  April  of  tbi-  Hiiine  year.  Tlie  bridge  hfln  .se\i'n  s^inm 
of  latticed  iron  girderH  of  150  feet  eleur  openings,  nnd  the  pie*r» 
and  rthiitiiients  nre  coiistnicted  of  briekwork,  the  eutwaUTs 
Wmg  faced  with  (IressL-d  stoiK\  they  ore  oirrie*!  oit  ^hmijjjn  iif 
briek  wells,  each  12  feet  in  diameter^  Mink  iuto  clay  at  nlwiit 
15  feet  below  the  rtvcr-l*ed,  Tlie  girders  nre  tUvk-N|wia'«, 
similar  to  thoj^e  of  the  Soiie,  wirrying  ftii  ordiiiarv  roadwav 
below.  The  atlvnntage  nf  utilisiug  tlie  Lir^T  raihvHV  bridge> 
for  the  doiilile  purpose  of  carr^in^  an  ordinary  cart  or  foot- 
road,  a-s  well  as  the  railway,  has  beiMi  evervwlure  fuUv  reeog- 
nised  in  India,  and  a  snmll  toll  levied  on  the  tniftie,  prolmhlv 
in  the  majority  of  eases,  amply  repays  the  sliglit  cxtm  cost  of 
the  provision. 

At  Allahabad,  the  KiLst  Indian  Ilailwav  enjsws  tlie  •J(imn&. 
river  juNt  l>efore  its  junction  with  the  Otinges,  by  a  handsome 
bridge  of  larger  openint^s,  and  of  much  jtjreater  he  ight  timii 
that  over  the  Sone,  but  of  wnnewhat  sliorter  total  length. 
The  site  for  the  brid^'  was  Hxed  so  early  as  fhr  vear  1K55 
but  owinj;  to  variou*  causes,  the  design  was  not  litmtly  decid 
upon  until  after  the  Mutiny,  and  aetual  work  on  it  was  no 
commenced  until  the  sunnner  of  1859.  The  tiiNt  design  w 
for  a  brid«Te  of  15  openings^  eaeh  2(M^  feet  loii^;  Init  on  i 
further  invesitigation  of  the  maxiiinnn  Kood  drseharge  of  th 
river,  one  span  was  supprL'ssed,  The  bridge,  therefore^  as  eon 
struete<l,  consists  of  14  cJeek  ^pans — carr^Hnj^y  a  eart-nwid  Iwlow 
^>f  ^00  feet  each,  a)id  thive  sirjall  4»pein'n^  of  ;3(J  feet.  Tlv 
piers,  which  are  60  feet  hi^h  above  low-water,  are  fotinded  4111 
groups  of  twelve  briek  wells,  eaeh  IJJJ  feet  in  diameter,  ttunk  tf 
an  average  depth  be]*iw  low-water  of  461  fit'l.  The  avcnu; 
height,  tlierefore,  of  the  pier  inasonn,  fnnu  tJa*  eurlie*  to 
the  under  side  of  the  girders,  is  102  feet,  'Hie  total  len«rlb  o 
the  lirid*^',  from  end  \o  end,  U  J3J^3.5  feet.  The  fjirdert*.  which 
are  of  wmught  iron,  and  constructed  for  a  siii^h*  line  onlv»  luv 
of  the  open  lattice  tubular  form.  Durin**  the  sinking  of  tli 
wells,  the  np-slream  end  of  No.  11  pier  wan  iniderininctl  l>v  h. 
floixi  and  overthrown;  the  overtlu'Lfwn  porti-m  w^h,  however 
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In  the  aid  nf  a  coffmiaiu,  rtrt miufted  witli  the  IkxIv  of  the 
|jivr,  und  IIk*  wliolo  was  |m)lt'fted  atjuiiwt  scnur  Uy  a  birgi* 
maiw  of  rougli  stone.  The  total  (juantity  of  luaMnirj  and 
l)rickwork  in  piers  and  abutments  is  pven  us  S2i  iuillion.H  uf 
culm'  fet't  (or  92^()(M1  riihic  varfls);  winlst  at  a  short  disbinw, 
ou  the  nortlu'ni  approach,  occliis  a  viaduct  of  iJ4  archc*  of 
JJ(>  feet  each.  The  initial  mat  of  thiN  the  finest  of  the  nuiny 
railway  hridgcs  over  the  .lannia  river,  \va.s  44}  ItikhH  of  rupees* 
or  X^445,000,  and  it  y\a^  opened  for  pul>lie  traHie  in  Auj;ust 
1H65,  permitting  from  that  date  uninterrupted  coniniuiiieation 
l>ettt'eeii  Calcutta  fUid  Agra. 

The  important  cities  of  A^^ra  and  IKIhi  are  both  ^^ituatetl 
on  the  right  Iiajik  of  the  Junina^  whili<t  the  course  of  the  rail- 
way beyond  Allah-nbad  is  on  tlie  left  bank.  Agra  is  ap- 
proached bv  a  brnueli  from  a  junction  at  Tinxdla;  and  the 
main  line  proeeeds  northwTirds  tt*  Glm/ibad,  from  whieh  place 
it  turns  sfiarjdy  to  the  wetst,  and  ap^ain  crosses  llie  «lumna 
l)efore  entering  tlie  aneieut  city  of  Dellii  by  a  brid*j;e  vvhieli  u 
the  last  of  the  kr^  structures  on  the  East  Intlian  Railway. 
The  Delhi  Juninn  Uritt»^e  cnn^i^ts  of  twelve  deck  ^pau^i — with 
cflrt-roudway  below  ^ — «jf  liJllJ  feet  each.  The  piers!,  which  art' 
feet  high  above  low-water  in  the  river,  are  carried  on  U'li 
brick  wells,  each  12  feet  in  diameter,  disposal  in  two  rows  of 
four  eachj  with  single  up  and  down-stream  welb  for  tlie  cut- 
waters. Both  abutments  and  two  of  (lie  piern  on  the  Dt»lln 
side  of  the  river  are,  however,  fonndcd  on  rock,  which  iRvurs 
at  a  few  feet  beloiv  tile  surface.  In  the  cane  of  the  other  pierss 
the  wells  arc  carried  for  an  average  depth  of  feet  into  the 
river-lied  itito  stiirciay.  The  total  lenfrth  of  the  bridge,  which 
ha.s  been  eonhtrueted  for  a  single  litie,  is  JZ640  feet;  and  it  M'fl* 
constructed  at  a  cost  of  J.^lfi(MMH),  The  stnicture  was  opeDt^d 
for  tm(fic  at  the  end  of  (iiiallv  eonipleling  through  com- 

niunication  1>etween  Calcutta  and  Delhi. 

It  has  heeu  mentioned  Unit  on  the  tir^^t  connneneement  uf 
the  East  Indian  Railway  in  the  vi*ar  1S5U  it  was  determined 
— in  order  to  jjustpone  the  construction  of  a  railway  bridge 
over  the  Hooghly,  which  could  nf)t  be  otherwij^e  than  cxcowl- 
ingly  ext>eiiaive — to  eHtabli»h  the  terminus  or  starting-point  of 
the  line  at  Howrah,  a  suburb  situated  op[iosite  i'aleuttji  im 
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Hie  right  Ijank  of  the  Hooghly  tiilnl  channel ;  coiiununication 
!H.4ween  the  city  and  Howrah  being  iii  the  meantime  main* 
tained  by  ineaas  of  a  fiteani-t'errv. 

In  the  yGAT  1875 — to  meet  the  growing  necessities  of  iht 
{ 'alcuttii  traffie^ — an  ingeniously  ctnistnieted  poiitrttm  bridge*  lo 
c^irry  an  ordinary  carriiige-wHy,  supported  at  un  innisual  eleviv- 
tion  above*  thv  Ifvol  of  tlie  [lontoons,  was  coiHtniotcd  across 
the  Mooghh\  nnd  this  means  of  coniniunicntion  hits  since  con- 
tinued in  nse,  to  the  gn^at  convenience  of  the  town.  TIk 
urgent  need,  however,  of  a  bridge  over  tiie  IIooghl\'  caj>ahlc 
of  sustaining  a  raihvny,  reniainetl  unxatisfied  until  .so  rwently 
as  the  year  1887. 

The  remarkable  railway  bridge  comniuneed  in  the  year  1H8S4, 
iuid  opened  in  the  year  1887,  ha^t  l>ccn  constructed  over  tho 
Huoghlv  tidal  channel  at  a  point  of  the  river  Mtuated  2S  inili-f 
above  the  pontoon  bridge,  whicfi  connectn  Calcutta  with  the 
HowTali  tenninuN,  and  by  its  means  a  junction  is  now  eff'ecti'ii 
bct^wn  the  East  Indian  main  line  nn<l  Uie  liastcrn  Bengal 
Kailway,  leading  into  the  heart  of  Calcutta,  Tlie  bridge  crosses 
the  river  at  the  town  of  '  HtmghhV  ^  plate  which,  a  couple  of 
hundred  years  ago,  w»i*i  tlie  principal  ]iorl  and  factorv  of  the 
Urititih  Company  of  Mercliants  in  Bengal,  and  from  which  the 
whole  channel  has  taken  its  name.  As  a  consequence  of  tJie 
year  in  whifh  the  bridge  was  opened,  viz,,  the  50tfi  year  of  the 
reign  of  her  Maje?*ty,  Queen  V'ictoria,  Knipress  of  India,  the 
structure  itself  has  bet-n  appropriately  named  tfie  SJubilcc 
Bridge/ 

Tlie  particulars  endiodietl  in  the  following  oiiUine-iloscrip- 
tioTi  of  this  line  cngiiieerintf  work,  arc  chiefly  derived  fnnn  a 
paper  on  its  erection  read  befi»re  the  Ltstitution  of  Civil 
Engineers  on  the  24th  January  1888,  by  Sir  Bradford  Leslie, 
K.C.LE.,  M.LC.E,  At  tl»c  site  of  the' *  Jubilee  ^  Bridf^*  the 
Hooghly  channel  is  12(K)  feet  vdde  at  low  Wiiter,  the  selection 
of  the  precise  ])oiut  of  crossing  having,  among  otlier  consideiH- 
tiotjs,  hvvn  largely  influeneed  liy  the  relative  nurrownesR  of  the 
river  imniediatL'ly  opposite  tlie  town  of  Hooghly.  On  the 
town-  or  right  side  of  tlie  river,  the  bed  is  6(j  feet  deep  below 
mean  sea-level,  and  the  bank  is  defined  and  well  nbove  Ua? 
highest  Hoods.    On  the  left  side  tlie  water  is  coniparuti\elv 


34^ 


PUBLIC  WORKS  OF  INDIA 


shallow,  and  there  i&  a  low  bank,  witlj  u  wi<lc  stretch  of  low- 
b'^ng  ground  bfjoiid,  iiiijrjdatett  during  high  floocis.  'i'he 
height  of  the  tklc  varies  from  a  short  distance  l»elow  ineaji  ^ea- 
level  to  SO  feet  alwve,  with  a  uiaxiinutn  veWity  of  4i  mikst  an 
hour  wheti  the  floml-tide  enters  with  a  strong  l>ore,  and  uearlv 
6  miles  an  hour  on  the  ehh-tide  in  freshet*;.  There  ia  a  veiT 
large  navigation,  eousisting  of  iinwiehlv  coiiiitrv  sailing-float'*, 
little  under  control,  and  steamers  and  Hats  of  500  to  (KM)  tons 
Inirden  Monghig  to  Ihe  Inlantl  Navigation  C'nni|mnies,  to- 
getlicr  with  the  passenger  steamers  plying  between  Cak'utla 
and  Kubia. 

The  bridge  is  eonstnietcd  foradoul^le  line  of  railway,  lH>t[i 
lines  l>eing  earrieil  l)etween  the  main  girders.  It  consbU 
essentially  of  two  large  opening:;,  eaeii  of  5i^4'  feet  clear  span, 
with  a  central  smaller  opening  of  10(i|  feet,  I)etween  two  piers 
supporting  a  pair  of  central  cantilever  girtiers;  tlie  total  length 
of  the  bridge  proper  Ixnug  feet.    The  approach  to  the 

nmin  structure  on  the  Hooghlv  side  of  the  river  is  hva  niasonrv 
viaduct  S278  feet  in  total  lengtli,  consisting  of  lliJ  brick  archc}* 
of  spans  varying  from  lOf  to  48  feet*  On  tlie  Naihati^  or  h*t\ 
side  of  the  river,  the  approach  is  aUo  bva  masonry  viiiduct*  iu 
this  case  441  feet  long,  cinisiHting  of  29  arelied  openings  of 
lOJ  feet*  From  end  to  end  *>f  the  viaducts,  therefore,  aitd 
aeros^  the  ri\er,  the  t(>tal  length  of  structure  is  4932  feet,  or 
not  far  short  of  a  mile.  The  height  of  the  main  bridge  from 
the  l>i>ttoni  i>f  the  foundatii>n.s  of  tlie  centnil  piers  to  the  under 
side  of  the  girders  is  15l!iJ  feet,  tfie  fttundations  la-iiig  98J  fivt 
Inflow  the  lowest  water. 

The  superstructure  of  the  l>ridge  coiisihtfi  of  three  swtions  of 
steel  girders,  each  of  the  opeu  triangular  type,  ha\ing  straight 
bottom  members  on  which  the  railway  is  carried,  and  cur^wJ  in 
l>ow.form  alx)ve.  The  total  weight  of  sttrl  in  the  briilge  ^uper- 
ntructure,  including  the  standards  on  tlie  piers,  is  given  as  ii87tf 
tons,  and  the  three  sections  into  which  the  su}>erstructuiv  is 
divided  are  res]>ectively  4^i0  feet,  IMrOj  feet,  ami  again  4Sl> 
feet  in  length.  The  central-girder  .section  of  \i60\  feet  is  carried 
on  two  piers  j)laced  only  lUO^  feet  apart  from  centre  to  centnj, 
the  girdei*s  i>f  this  sfction  liave  consequently  an  overhang  or 
pmnx'tion  of  120  feet  oji  either  side  of  the  supporting  piers. 
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wtiiiff  on  the  o\x'rImii;(in^  or  projecting  t-iwls  of  the  cent nU 
[itilever  ginlers,  tlie  tv^n  laml-jjinlers,  ctwh  4^0  feet  lon^, 
stretch  to  the  hftnk  abutments.  The  objeet  of  this  HoinewhBt 
iinuMwa]  iiiTaii>;e]nent»  giving  two  verv  wide  land-span^  and  a 
smaller  onv  hi  the  crntre  (lyiny  lietween  the  two  pici*s  .support- 
ing Hie  centra!  t'Hutile\  ers)  was  jiartlv  in  onler  to  loente  the 
piern  in  eoniparativcly  ^hallow  water.  If  a  bri(1ge  **f  three  etpial 
i>peningH,  t^ny  of  400  feet»  liad  Inen  adopteil,  Uie  pier  on  the 
Hoo^hly  si<1eof  the  ri\er  wmiltl  Imve  fallen  in  40  feet  of  water 
at  l4>w  tidt'^,  and  the  cost  of  finuulatiori  nnistniction  would 
tuivo  been  grmtlv  enhancctU  Tliere  were,  moreover,  other 
Ivniitajji-H  in  the  dfsij^u.  The  posit  ion  chiwrn  for  the  t^vo 
ierv  leaves  the  widest  openings  on  each  land-side  of  them  for 
nnvt^ratioii,  that  on  tlie  shallower  Bi*le,  wliere  the  current  is 
>rv  nKHU'rate^  for  the  native  cmft,  aiid  that  on  the  dccji  side 
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t>f  the  channel  for  the  iihe  of  >tcam  vessels  and  rtat-t.  Tin* 
founding  of  the  Ixvo  piers  and  the  eiwtion  of  the  siiperstruC' 
tiire  Ktix^l  work  of  the  ;firders  bv  tlie  particular  niethtxl*  eni- 
ploved,  whidi  were  virtnalLv  itnpused  by  the  eondltionH  of  the 
river,  jw  well  ii>  by  consider/itions  of  luhonr  mid  rupid  execution* 
vettA  also  at  the  sauie  time  facilitated  by  the  de^ign,  The  general 
form  of  the  bridge  will  !jc  l»i'?it  nnderstoiMi  froni  the  skelch- 
iliognun  nlHn  e,  from  wIolIi  also  it  w  ill  l)e  s^vii  that  the  ^truc* 
iH  far  from  iH'ing  orriicefnl  in  outline. 
Tin*  two  pier>-  nix*  each  (jG  feel  lon^,  up  and  down  stream, 
Ajul  Si5  feet  wide,  with  Heinieireular  ends  and  Hat  sities,  and  the 
avemgc  ilepth  *)f  the  water  at  the  pljice  where  they  are  pitcheti 
U  iilxuit  HI  to  :U)  feet  at  Itiw  spring-tides  in  tlic  ilry  seaMni. 
^Tie  main  IhhIv  of  each  pier  is  eiielosetl  by  a  wronght-iron 
cmfawiJm  U>8  tVvt  high  by  (Mi  feet  lon^,  and  23  feel  iu  width, 
»gbiug  45ii  \tnx^.    Kmh  vniHsitu  wan  dividetl  into  three  exca- 
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vating  chambers  (open  from  top  to  liottom),  by  two  buoyancy 
chambers  extending  its  full  width,  and  15  feet  wide.  The 
lower  portions  of  the  caissons,  which  were  provided  with 
tapered  curbs  or  cutting  edges,  were  floated  into  position  and 
sunk  through  the  water  and  soft  silt  of  the  river  bed  by  the  aid 
of  a  pair  of  floating  pontoons  moored  between  them,  the  pon- 
toons being  furnished  with  suitable  stagings  and  powerful  tackle, 
commanding  the  site  of  both  piers  simultaneously.  As  the 
sinking  progressed,  additional  sections  were  built  on  the  top  of 
the  caissons,  until  at  length  the  bed  of  stiff  clay  selected  for 
the  foundation  was  reached,  and  into  this  clay  the  lower  edge 
was  forced,  some  10  or  12  feet,  to  a  depth  of  98J  feet  below 
the  lowest  water  in  the  river.  The  whole  interior  of  the 
caissons  was  filled  in  solid  with  concrete  and  brick-work, 
brought  up  to  the  necessary  level  to  carry  the  steel  standards 
on  which  tlie  cantilever  girders  rest. 

The  many  difficult  operations  connected  with  the  sinking  of 
these  pier-caissons  were  successfully  carried  out,  but  not  entirely 
without  mishap.  On  the  16th  April  1884,  the  lower  portion 
of  one  of  them,  drawing  32  feet  of  water,  and  weighing  with 
load  some  750  tons,  had  been  floated  ready  for  placing  in  posi- 
tion, when  it  was  caught  by  a  strong  bore  in  the  river.  Tlie 
chain  lashings  by  which  the  top  had  been  secured  to  the  pon- 
to<ms,  and  the  chain  tackle  of  the  up-  and  do\sii-stream  moor- 
ings, were  broken  by  the  violent  strains  to  which  they  w'ere 
subjected, and  the  caisson  being  released, was  carried  away  by  t!ie 
current,  and  floated  nearly  half  a  mile  up  the  river,  where  it 
groimded.  By  the  aid  of  extraordinary  exertions  it  was,  how- 
ever, secured,  lightened  of  40  tons  or  so  of  cement  brick-work, 
and  at  length  refloated  by  the  evening  of  the  following  day, 
being  fortunately  found  to  have  sustained  no  serious  injury,  so 
that  before  very  long  it  was  again  ready  for  deposition  on  its 
permanent  site. 

The  foundations  of  the  two  abutments  of  the  bridge  pre- 
sented no  unusual  difficulties,  and  were  sunk  on  two  iron  curbs 
65  feet  long,  28  feet  wide,  and  8  feet  deep,  divided  into  tlu^ 
excavating  chambers.  On  the  Hooghly  side  the  curb  was  sunk 
about  40  feet,  and  on  the  Naihati  side  about  84  feet  below  the 
river  bank.    The  steel  standards  placed  on  the  piers  for  carry- 


Hp  fhc  rnntilcver  girtlers  arc  vertifal  Lvllular  strtictmt^  SO  feet 
iii^i),  bwilt  up  of  plate  and  anglv  Iwirs  riveted  togetlicr,  and 
•et'itred  to  tiie  hrick-work  of  tht*  piers  by  holding-dowTi  Iwlts 
and  anchor^castings.    The  staudards  each  contain  205  tons  of 

The  central  portion  of  the  cantilever  i^irders,  or  that  |>orti<in 
h  iii^  between  tiie  piern,  wa^  eifctcd  by  niemis  of  a  platform 
>'iipjK>rt<xl  by  rnkinj;  j<trnts  from  tlie  picr-si(Ies^  and  the  over- 
biui^ng  portions  were  then  built  out*  piece  by  piece,  by  the  aiii 
of  iiwrlu'flil  tiickle  until  eonipleted.  The  fi^rdcrs  for  the  land- 
'qian.H  were  each  erected  on  lines  of  railn  carrictl  on  the  Mir- 
6ice  of  the  two  npproach-\ lad  nets,  wliicli  were  designed  and 
^tren^)>enc<1  in  the  necessarv  ninnner  to  iR-ar  them.  A  cinn- 
pIctA.*  3i|Jtu)^  composed  of  twtJ  connected  girilers  Y\'ei|^lun^  10(H) 
iaos^  wns  then  mounted  on  roltent,  nnd  the  wliale  mofis  wax^  run 
forward  by  the  aid  of  steam  tackle,  until  the  outer  end  of  the 
girders  projectetl  over  the  water  for  s<»ine  distance  Ix'Vond  the 
fiice-liue  of  the  abutment;  tlie  portion  no  projected  havinjj; 
been  previciusly  tem|H)mrily  strengtheneil.  At  this  staj^*  of  tin* 
apcmtion  the  two  tlouting  {loutoon.s  which  hud  been  employed 
for  niitking  Uie  pier  caissons^  and  which  were  now  fittetl  with  a 
Huitnhh' st/ii?in^,  were  brought  into  position  beneath^  nnd  the 
projecting  etids  <»f  tlie  girtleis  were  wedgeif-up  and  siipiMirUNl 
on  the  |Hinto(m  stnging.  Tlie  wtiole  wa>  then  once  more  niovetl 
forward;  the  ]>ijntoon  carrying  the  onter  ends  nf  the  girdera 
Wing  now  warped  iien>s.s  tht-  current*  until  the>e  ends  were 
hrou^ht  into  position,  and  deposited  on  the  projecting  cxtrenii- 
tlc»  of  the  cantilever  ginler?*. 

Ttu'M'  o|H*ratioii.s,  of  evtrnordinary  niagnitnde  and  diffieultv, 
rvquiring  the  most  exact  calctdation^  and  adAptntiou  of  uient)fi 
to  cndis  wvre  carried  ont  with  the  utmfwt  pn-cision.  'I'he 
girdm  on  the  Hoogldy  side  of  the  river  were  launclKN.1  on  the 
8lh  November  18H(j,  and  tliiwe  on  the  Nailinti  side  on  the  20th 
iif  the  fidlowing  month,  the  o|KTation  in  each  caw  occujiying 
«tKiut  iive  hl>u^^  only.  The  actual  eiHLstntction  of  tlie  Jnbihv 
Uridge  wan  cointiienced  in  the  year  1KH4,  it  wiw  pncticallv 
oiniph-ted  by  the  ciul  of  IHH^i,  ami  hiuh  formally  o|K»ned  for 
public  tratfic  on  the  JJoth  Man  fi  hSHT,  Tlie  total  cost  of  ilie 
bridge^  inchnhug  tht-  twn  long  appnuvch  viatincls,  \f>  given  a» 
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«^^1,178,  or,  stated  in  rupees,  after  deducting  the  cost  of 
plant  and  supervision,  tlie  total  expenditure  incurred  on  tlie 
whole  work  is  officially  shown  as  Rs.  30,95,388. 

The  length  of  tlie  main  line  of  the  East  Indian  Railwav, 
including  the  chord  line  of  186^  miles,  is  1205  miles.  In  addi- 
tion, the  main  line  has  fifteen  branches,  aggregating  320J  miles, 
most  of  which  are  short,  except  that  from  Allahabad  to  Jubbul- 
pore,  which  is  224  miles  in  length.  The  total  lengUi  of  main- 
line and  branches  amounts,  therefore,  to  1525^  miles.  Of  this, 
the  distance  from  Howrah  to  Moghal  Serai  (the  junction  for 
Benares)  is  laid  double,  which,  together  with  some  other  short 
lengths,  brings  up  the  total  length  of  double-line  to  474  miles. 
The  earthworks  and  bridges  are  generally  everywhere  con- 
structed for  a  double  line,  except  the  bridge  superstructures. 

The  permanent  way  is  laid  with  rails  varying  from  74  lbs. 
to  82  lbs.  per  yard.  Originally  the  line  was  laid  almost  entirely 
with  wooden  sleepers,  but  cast-iron  plate  sleepers  have  since 
been  largely  introduced,  and  are  now  mostly  used  for  renewals. 
About  1200  miles  have  also  been  relaid  with  steel  rails  in 
place  of  iron.  On  the  Jubbulpore  branch  wooden  sleepers  of 
creasoted  pine  and  sal  are  the  most  numerous.  The  East 
Indian  Railway  was  accpiired  by  the  State  from  the  late 
Guaranteed  Company  on  the  1st  January  1880.  The  working 
and  management  is  still,  however,  carried  on  by  a  company 
inider  contract  with  Government. 
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Gml  In4lian  I'cniii^ula  Hailway— Skckli  uf  principal  cnginccnng  works*^ 
Botnticy  to  Chilian — The  Western  ^'^(f/i  —  Uci.iilcd  tlescripliun  uf  ihc  Thiil 
gMt  incline — Gri'licnti  and  curves— ICfirlhworks — Vimjucls  imd  rcvcTsinjj 
«lalir>n — TunncU — Rywlc  fulJim-cd  \iy  mJiin  line  ami  branches— Taj»lt  uver 
vlailacE  — XerbuiMa  biulge— Tin:  lilmre  j^Vv-f/  incline— Deuilcd  descriplion 
— Ui^icttUic.t  of  nmlcHAtL*n|;— Lirailicnl-s  Atid  curves — Works  fln  llic  Uhore 
A^]i«l/--'Sut>ons  (HI  the  iti<litic— Rcvcrbing  station — General  ]iai:t)Ctilar*i 
iif  vuducts  And  lunncls — Peculiar  dirticullies—Stirpfisinfi  roagiiUudc  »f  ilic 
work« — Koulc  of  miluay^  from  Lanowtce,  nnd  principal  uorks — Mtun 
^t\im\AT%  of  Gieal  liulian  I'minsutA  Railway — The  Madras  Koilwsy — 
Rnatcs  and  ouiUnc  of  }»rmc!pa]  liridges—Generftl  particulars — Concluding 
obMrrvaliona. 


TiiK  I'lirlv  litNftirv  iitii!  pMKTal  niurst'  folltiwinl  liv  tin*  lines  f^fent 
lh.'lt>i|i;in*;  to  tla-  *  (imit  Intliau  IViiiiiMnU  Uailwny  ^  lum*  lx*t*n 
nlrvady  oiitiinnL  It  rt-iiiuiii.s,  tliiTt'rure,  to  T^kctch  some  of  tlie 
prirkcijml  ciipmrriii^  work^i  oti  this  iiitportnitt  trunk  syst<m  J>f 
luilwIt\^«  L'\tt'titiiiig  troiii  llotitlmy  to  JuUhuljmiv,  \^  itii  a  long 
lirnnch  to  Najqmr  cm  tlu*  iiorlli-«ist»  nnd  to  Huichtirv,  when*  it 
join-*  the  '  MatlriVH  Hailwa\V  on  \\w  Mnith-ni.Ht.  The  tcrmitam 
of  Uu*  (imit  Indiiio  reinnsiila  system  is  situated  \\\  u  crntml 
Aud  CDiivenient  |}ositiou  oii  the  of  IStJinlmy,  where  tluring 

n^  '  '  ir>  hiLs  Invn  hnilt,  nTtiiinlv  the  ljir|^i-*l  an<i  handsomest 
Xi  '  'lation  to  hv  met  witfi  in  India,  and,  inomjver,  one 

whicti  win  enter  into  eoni|Mirisi(jn  w  ith  luiv  of  the  hirgc  niilwiiy 
«tAtion»  of  the  world, 

A  >]h>rt  tli^tjUH-e  from  the  terminus  vj/,,  at  Itvcntlfi  and 
l*ftn*l,  «rr  Mtiintal  the  extensive  go<xlfl  depot  an*!  locomotive 
>■         '        of  the  ruilwft^.     At   Sititi,  the  **\tr4'mr  north- 
I  ■Hit  of  HomlMiy  i^laiul,  h  sliurt  hrtineh  was  originaJly 
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'ivd  tf»  tlie  old  town  of  Mahim,  wtuated  at  the  western 
y  of  the  island,  ont-ethe  ])rinn|inl  seat  tjf  tlif  commercv 
Imv,  though  now  of  relatively  small  iiiij>orti\ncc.  The 
cmsseh  tiK*  wide  Sinn  nuirsli  to  the  islHiul  of  Salsettf 
g  f  tithMiikmenU  and  near  Trtnnah,  at  2^  miles  from  the 
Utt*  it  crnsvcs  the  arm  of  the  sea  which  divides  Salsette 
hi*  inaiiilaiiil  of  the  Cmn-au  ami  of  India  by  two  arched 
y  viftdiictx,  JiJW  and  579  feet  long  respectively,  in  the 
(f  which  in  an  iri>n  fjirdt-r  o])eiiJng  for  jjAssin^  the  navi- 
TravciNin^i;  n  |M)riioM  of  the  Cont'au,  Uie  line  ivache.s 
cticni  Ht^tion  of  Callian  at  33  miles  from  Bombay.  This 
finrkis  the  end  of  Iheori^'nal  '  experiiiieiital  ^  line,  openwl 
t  Kt  yU\\  1H.j4-  (the  tirst  20  mile?*  to  Tammh  having 
Mnunt  nlKiut  a  year  earlier),  and  is  the  point  from  which 
I  trunk  lines  to  Jtthhulpore  nnd  Haichore  bifurcate*  each 
Ig  liy  fic'imrate  jHtsM-s,  ftitiuitcHl  respectively  to  the  ntirth- 
id  jHmlh-east,  the  nifff^ed  line  of  the  Western  ^hafjt^  in 
D  pain  the  upfH-r  tabk'  laiui  of  the  Deccaii. 
%s  alreiuiy  been  pointed  out  that  the  line  of  the  Western 
an  iipproaehed  from  Homlmy,  is  not  tn  Ire  regarded  as  a 
if  mouiitniiis  i>r  hilU,  Ind  t\s  a  precipitous  line  of  cliffs, 
IKKI  to  U(KK)  fi'i  t  Ut^lu  forming  tlie  vertical  of  the 
1  high  land  ;  this  line  of  precipices  l>ein^  only  broken  by 
kvines,  or  rifts  along  its  face,  with  oec*usi(»nrtlly  pnijet'ting 
ninnitig  down  to  the  Cnnean.    The  first  seetion  of  the 

ifrom  ('Alltiin  to  the  nortlwfist,  ami  in  the  direction  of 
111  j^Art/,  is  one  of  !2fi  miles,  extending  fmm  Callian  to 
On  this  leng^th  the  line  gradtmlly  climbs  liy  steep 
is  of  prineipally  1  in  100,  and  by  shaq>  curves  down  b> 
A  of  !K>  chains  tlie  M>uth  side  of  a  long  irregular  i^pur 
lestTuds  westwartis  from  H»e  itinin  ^imf  precipices,  and 
>  the  ravines  or  valleys  of  the  Uastn  on  tlie  south 
e  Wvtuniee  (»n  the  Uftrtli.  The  works  on  this  section 
a  heavy  ehamcter.  The  i-nrthwork  formation  eontnins 
lif  a  million  of  ctibie  vanis  of  cutting  through  hard  trap 
^Itic  rocks,  and  over  IJ  million  cubic  yards  of  emt)a]ik- 
Kift-v  or  ravines,  an*  er<}sst'<l  bv  fonr  iinp4>rtant  viaducts 
Ji  the  two  longest  are  liT^  and  i29  fWt  long,  and  no  Icse* 
87  and        feet  liigh.    There  arc  also  forty-four  bridges 
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lift  to  30  feet  span,  and  117  minor  cuivfrtw.  The  levcj 
KiLsoni,  pinml  1040  fvvi  aluivo  tlu"  st*ii,  is  84i)  i'eei  hi;;lior 
rHllmii,  and  jus  the  level  of  the  summit  uf  thv  Tliiil  ^'Ad/  in 
dine  is  5i012  foct  alwive  sea-level  tlie  hcifijlit  now  j^iin^i  l>v  th 
raiiwHv  leavtw  972  feet  still  to  he  sunnounted  before  tlie  u|i|k 
tableland  is  reaclutl. 

The  actual  Thul  g-hdt  incline  is  considered  to  coniineiice  nt 
the  Rotunda  mtUa^  or  stream,  at  Kasora,  and  extendsi  from 
tlience  to  Egotpura,  on  the  summit  of  the  pas?^.  'Hie  prv- 
liminary  surveys  and  studies  for  thiw  reniarkahle  esftinple  of 
railway  engiiietTTn^  occupied  4  yeans^  and  its  actual  <"i  Mist  ruction 
was  conimeneed  iu  October  1857,  The  totid  length  of  the 
incline,  which  ha*i  been  conBtriictetl  for  a  double  line  through- 
out, is  9J  niile*>,  ]ia%Tng  a  rise  of  97ii  feet  in  this  ^hurt  dij«taiice, 
or  an  average  ascent  of  lOji'Sl  feet  per  jinle,  or  about  1  foot 
rise  in  every  53  feet  of  length.  Tlie  iictual  f^nujientn^  iKnvever, 
vary,  the  steepcHt  being  an  incline  of  1  in  87  for  a  length  of 
4  mile^  JiO  chains — that  is,  for  al)out  one-half  of  the  whoU* 
accent.  Other  gradients  are  1  in  45  for  838  feet,  and  1  in  5<> 
to  1  in  148,  and  in  the  total  lengtli  tliere  is  only  iK)3fJ  fttt 
of  level  line. 

Of  the  9^  miles  comprising  the  ^bnt  section  from  Kasom  U* 
Egntpura,  clo^e  upon  6  niilcB  are  curved,  the  renmining 
miles  being  straight.  The  radius  of  the  curves  varies  from  tfu* 
sharpest,  which  is  17  chains  (1122  feet)  up  to  100  citains.  Thr 
sliar|)cst  cur\e  has  a  lengtli  of  i217S  feet,  unutlier  iif  ^0  chaiii'< 
radius  hai*  a  lengtli  of  3000  feet.  The  total  len^tJi  of  curves  of 
20  to  50  chains  radius  is  over  4J  miles,  tln>se  from  30  to  100 
aggregating  81 6H  feet  only. 

The  quantity  of  eartlivvorks,  consisting  for  the  most  pari  of 
hard  rocky  materials,  on  this  bliort  length  of  linc^  is  nri  lesfr 
than  67  milbons  of  cubic  feet,  or  i2,48f>,000  cubic  yards,  llic 
quantity  in  cuttings  and  in  end)ankments  respectively  bt-irji 
about  equal.  At  the  commencement  of  the  Thul  ^futi  itidiiitr 
the  Rotunda  ntiUa  and  ravine  is  crossed  by  a  viaduct  fK)  fei-t 
higli,  and  19S  feet  long.  TahMng  through  a  rock  tunnel  of 
about  400  feet,  the  railway  reaches  the  Maada  Sbcyt  ravines 
which  are  crossed  by  two  lofty  viaducts,  the  lirst  84  feet  high, 
and  4Ji9  feet  long,  the  sceoad  87  feet  in  lieight  and  11)8  f<vl 
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adjoining  whicli  arc  twii  tiimiols  ^40  and  1(i2.>  feet  Um^ 
cfiv*»lv.    At       miles  frotii  Kasoi'ii  Ihi;  line  rcwlios  a  jihort 

lengtli,  or  stution,  sitimtcd  for  the  most  part  «ti  higli 
tflkint'iit,  wiim'  llie  tlirt'ction  of  t\w  raWwnv  is  suiklfulv 

fethr  cnxiiit*!*  lK*in^  }wrv  tiinu'cl  mn\  traiiafenrd  l>v  muiiiis 
i-hihli'  mill  sidings,  from  ow  vud  of  tiie  trains  to  the 
Hillvcrtd  the  line  has  uscentled  the  south,  or  river  Ilustn 
of  the  ^reat  projeetiti^^  spur.  After  leftviii^  tfie  reversing 
on,  however,  it  pusses  thr<»ugh  n  gap  in  the  ritlji^e  aiul  giunK 
lortheni,  or  Wyturnee  vallev  side,  l^issin^  throii^jh  three 
cIj*,  the  loiij^t'st  of  whieh  is  705  feet  in  length,  and  over  a 
Lift  90  feet  in  lieii^ht  and  19H  feet  long,  the  railurtv 
unlen*  in  Ihe  ?*ixth  mile  some  of  the  nuist  ft»niiidHl)le  dilti* 
w  on  the  ^ftdt.  Over  tlie  lUiegHinn  ravine  is  thi*own  ii 
(liBcent  viiuliiel,  750  feet  loiig,  anil  of  the  great  }ieight  of 
feet,  Hhil&t  the  sides  of  the  hill  tire  [jieiVLtl  by  four  tunnels^ 
two  longest  f)f  whieh  are  1  Mil  and  1^247  feet  respe«*tivelv« 

IUwAV  now  creeps  puiiifiilly  up  the  steep  side  of  tlie  elifl's 
tfore  reaching  the  smnmit-level  nt  Egutpnni,  traverses 
tlier  tunnels  of  7BiJ,  4*^0,  nutl  174  feet,  and  piusM-w  o\er 
r  viwditet  450  feet  long  and  60  feet  in  heigh L 
he  tunnels  on  the,y/irf/  iticUnc  ure  for  the  most  part  piereeil 
wUk>  grtvnslone  or  Iwisjdt  nyck  of  the  hardest  ileseription. 
Pl)u-  exception  of  the  I'Jiegauni  ra\iiie  vimluet,  the  jsuper- 
cture  of  which  eonsistii  of  three  spmis  of  triangulated  iron 
rr»  pliUfd  1S2  feet  above  the  stn-ani  Im.*Iuu,  mid  having 

Eilar  arches  ai'  40  feet  at  eitiier  end— all  the  viaducts 
ler  bridges  are  aivhed  litructures,  built  chiefly  of  Wsalt 
Alt(*gether  on  Ifie  {)\  miles  of  tfie  'Phul  ^htif  ascent 
e  thirteen  tunnels,  liaving  an  aggregate  lengtli  of  795() 
lofty  vtiulucts,  having  a  total  length  of         feet,  and 
from  8^  to        feet  higlu  fifteen  bridge!*  of  sptu»»  varv- 
1  7  to  JJO  feet,  and  lietween  >ixty  luid  ^eventv  culverts 
.'ing  Egutpura,  on  the  8unnnit  of  the  ghut^  tlie  line, 
ering  ordv  ordinary  t>listiu4es  crtisses  the  fertile  vnllrv 
Upper  tiodHvery,  and  pavsing  by  nn  ea>y  gap  the  Indy- 
mngv  uf  liitU  at  Munmar,  enten  the  rich  dintrictn  of 
i;  trnvrmng  nhich,  the  rnilway  re/M'luN  the  junction 
live  station  of  Biuk»avuU  ^T(i  niilc!)  from  Ikiuibiv. 
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The  works  slon^  tliis  section,  although  numiToiis,  are  of  mrond 
arv  dmractcr.  At  Bha.savul,a  Irrn^  hrnm-hof  245  miles  extend 
to  Najs|>ur,  the  o^pitul  city  of  the  C'entnil  Provinces*  travertin 
and  connoi'tiiig  with  Hombay  one  of  the  beat  cottori-producin 
districts  in  India,  The  country  is  genendly  favounthle,  luid  n 
individual  works  retiiiire  tletaileJ  uientioiu  Tlie  principu 
viaducts  are  those  over  the  rivers  Miitid  and  VVai'dha,  th 
fi»rnicr  con^isthig  ^*f  lifteen  openings  of  GO  feet,  with  pieo  7 
feet  ijigh,  and  the  latter  of  twelve  opening  of  Gt>  feet  each. 

Soon  after  leaving  tlie  junction  station  of  Bhasavul,  the 
main  line  nharjilv  curves  to  the  north wards^  and  crosses  the 
iiiijiortiint  Tapti  river  by  liandsonie  viaduct,  c-arried  at  u 
height  of  GO  feet  alkne  low  water.  This  viaduct*  which  U 
ii556  feet  long  and  constructed  for  a  double  line,  coiiiiists  of 
twentv-tiglit  openings  of  GU  feet,  and  fi\x'  larger  spans  of  liiH 
feet  each.  The  piers  are  formed  of  a  pair  of  iron  cylinder 
filleil  with  concrete,  resting  on  the  solid  rock,  which  formn 
the  bed  of  the  river,  and  iiowiiei*e  located  at  a  greater  depth 
tfian  16  feet  below  the  lowest  water.  The  cost  of  the  structure 
is  given  tin  i^l 63,000,  The  present  Tnpti  viatfuct  is  a  recon- 
struction, the  original  one  erected  with  masonry  piers  having 
failed,  partly  from  faulty  construction,  and  pirtly  from  the 
sudden  and  violent  floods — rising  sowietitneH  to  a  heiglit  of 
nearly  70  feet  al>ove  the  lowest  l»ed — to  winch  tlie  river  is  liable. 

The  section  of  line  from  Bhasavul  to  Jubbulpore,  339  miles 
m  length,  passes,  a  sht>rt  distance  beyond  the  Tapti>  through  a 
gap  in  the  Satpm-a  range  of  hills,  with  gradienbi  nowhere 
stee]>er  than  1  in  100,  ami  enters  the  valley  of  tfie  Nerbudda, 
continuing  along  the  left  Imnkof  that  river  for  alxJutSOO  niilen. 
The  country  is  for  the  most  part  flat,  and  favoumMe  for  railway 
construction,  but  the  line  necessarily  encounters  a  large  amount 
of  cross  dminage  falling  into  the  main  river,  retpiiring  a  series 
of  heavy  and  expen.-^ive  bridges  and  viaduct^j  although  none  of 
these  are  of  exceptional  individual  siKe.  Before  reachinf^ 
Jubbulpore,  615  niiics  from  liombuy,  and  cff'ecting  a  junction 
with  the  East  Indian  braucfi  line  frtun  Allahabftd,  the  railwAV 
thn>ws  off  a  short  brancli  of  l^i  miles  to  the  c*>al  field*  of  MoIh 
}mni,  and  cnisses  the  upper  part  of  the  Nerbudda  river  itself  bv 
a  viaduct  and  bridge  lOoii  feet  long,  consisting  of  six  arched 
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o^K'iiiit^  (if  40  fivt,  And  Hve  ^ink'r  »pti,tis  of  1^7  ffft,  placetl  81 
ft»ct  alwvc  tlic  l<iwust  wnti.'r.  The  foiintlHtions  of  this  stnicturt' 
jirt'stnitrtl  muliflirulty,  bi'ds  of  scihd  riK*k  ln'iiit^  ftniiul  almmtuii 
the  surface.  Tht*  piers  i\U({  ai>ntiiic't»ts  of  tlie  Nerl)ud<hi  bn'JgL' 
arc  built  fur  ii  (hmblt'  line,  the  trirder  superHtructutf  forasjii^lc 
V  onlv.  The  total  cost  of  the  work  h  gi\t'ti  approxiinntely 
JL'GlftOiX 

Retuming  now  to  Callian,  helow  the  WeMttTiv  ^fnitx^  the 
jmirit  from  \ihich  the  tuo  itmin  trunk  line's  of  the  Cirnit  Iiulmi) 
PctiiiiKiiln  Hnilwuv  hifiircato — one  J5i*iii>r  tiorth-msl  to  Jiibhiil- 
pure^  Uic  other  soulh-ea.st  to  P<x>n«  »iul  Raiehori^—the  Hrst 
MTtioM  of  the  Mnith-mst  eKtetisicm  passes  l>v  a  fairlv  eii^v  line 
of  30  niiles  to  tlie  foot  oi'  the  Hliore  gfttif  liKltne.  Tliif^  short 
length  is,  however,  t  ^posetl  tt>  extraordinary  Hootls  from  the 
fi|)id  ami  violent  torrents  wliicli  deseeiid  from  tfie  Hue  of 
■ftri/^  and  hills  on  4.'ither  siite^  atid  is  eon:^eqtientL\  providett 
with  an  unusual  niiniher  of  the  smaller  class  of  bridges  and 
culvi-rts.  Ttie  works  neces-^arv  for  carrviufj  the  line  of  rail- 
WH}'  up  the  Illiore  g/nU  are  of  extniordinarv  magnitude  and 
difficttliy,  Ik'fore  the  route  cotdd  Iw  pmnoiinecHl  ecouoniically 
passable  for  a  railway,  inanv  years  had  ti»  be  expentled  in  pre- 
liminary »t»ulies  and  surveys  until  at  leiijjth  a  series  of  inclinen 
wan  laid  out^on  one  portion  of  whicli  it  would  still  he  m^eessiiry 
for  trains  to  l>e  t1r.i«;^ed  uj)  hy  means  of  a  stationaiy^  en^pue; 
but  a.H  time  went  on,  eh)>er  ami  more  detailed  e^aniimition 
gmdually  ennbleti  the  enj^ineers  to  inmlify  l>it  hy  bit,  and 
itnpmvi-  littU*  by  little  the  pi>ssibU*  difn»'ii'^'f^^  ^'"*i* 
a  route  wns  phuuuil  out  \vhieh,  although  iiivi»lvirig  a  succession 
of  Jtlupndoiis  and  costly  works,  was  neverUieU'ss  prououueetl 
to  l>c  passable  by  Ua-oinotiveH  alon^  its  whole  extent,  and  the 
work  of  aetmd  eonslruelion  t»n  tlii?*  Ujld  ami  diftitult  uiuler- 
taking  wa*  coninienetHi  in  Jjuiunry  of  the  year  IH5(>» 

The  Hhore  ^hfd^  incline  ctinuneiiei^  near  tlte  villa«re  of 
radiishnrre^'  or  Kurjut,  alwut  iJO  miles  from  Cttllian,  and 

»  The  dMtm  for  Ihis  drscHirtion  of  (he  Khorc/AJ/  incline,  as  well  as  that  of  the 
prwioas  docriplion  of  the  Mine  on  the  Thul  fkdf^  h  prtnclpfllly  derived  from 
•  p«pcr  ica^l  l>cf<^«re  ihc  Imtitivtion  of  Civil  Kngincers,  by  J.  J,  Beifcclcy,  Ew)., 
M.I.C.E..  *m  the  line  ami  worki  of  live  iUtni  Indian  PcniOikula  Kailwayt  in  the 
ymi  1859^ 
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aiicends  from  thence  to  the  highest  summit  level  of  the^Ai/. 
f^itujitetl  iit  Lauowlet*,  2027  feet  above  tlie  wa.  Tlw  twtal 
length  of  the  indine  is  15  miles  68  chains,  ami  the  total 
rise  in  tliiw  tliwUuicu,  from  tlie  level  ground  at  the  ffMit  nf 
the  gJiat  to  the  summit  level,  h  1831  fwt^  tlie  average  iw 
over  the  ivholc  distance  lieing  1  in  4G  feet  of  length,  *IV 
jiftutil  gradients  on  the  ivsreiit,  however,  vary  ncconliug  to  thr 
necessities  of  the  groin uU  and  in  con-sequence  of  the  ohligiitioii 
on  so  great  a  letigtli  of  rise  of  introducing  short  hreathiiig  \Aaicv* 
<>f  level  line.  Tlie  wliole  incline  is^  in  fact,  dii'ided  into  four 
sections,  separated  frtjni  each  other  by  short  lengths  of  Icvrl 
and  contrary  rise,  to  enable  tlie  s|>eetl  of  the  (hscauJin^  train*' 
to  Ih>  checked,  and  the  trains  theniKelves  to  Ix*  brought  to  a 
stand.  The  steepest  gradients  on  the  a'^cent  are  1  in  37t  ex- 
tending in  one  length  for  1  mile  158  chains,  antl  1  in  40  for 
8  miles  4  chains,  the  remaining  grade?i  lK.Mng  1  in  4i2  and  I 
in  75,  with  a  short  length  of  1  in  330  at  Klxuidalla  stati*m. 
The  total  extent  of  level  line  amounts  to  1  mile  and  15  chiiiw 
only. 

Out  of  the  whole  15  miles  (J8  clmin>i  of  incline  forming  tl»e 
total  a*ii.'ent  of  the  Hhore^/^«?j  no  lef^s  than  10  milcii  34chata^ 
are  curved,  Tlie  shariJcst  cur^e  is  one  of  15  chains,  or  990  fwt 
radiu»,  on  a  gradient  of  1  in  75»  having  a  length  of  1452  feet, 
Another,  660  feet  lojig,  has  a  radius  of  20  elinins,  and  then' 
tnaining  curves,  of  various^  lengths,  are  from  30  ti>  80  chains 
radiiLs ;  the  total  lengtli  of  the  straight  portion  l>cing  5  niiJci 
34  chains.  A  double  line  of  rails  of  the  5  foot  G  inches  gaugt 
is  carried  thrtnighout  the  entii'e  ascent  of  ^hai^  nmkingitfic 
of  the  widest  and  most  splendid  mountain  roads  in  the  worliL 
It  ib  not  ca^y  by  njeans  of  mere  qiiiuatitative  Hgnrcs  to  convey  an 
adeL|uate  idea  of  the  magnitude  of  engineering  achievements; 
so  large  a  portion  iif  the  real  drfficiilLies  encountered  dcfwrul 
ing  far  more  on  the  spt'cial  features  and  c4>nditionH  of  the 
obsbwles  that  have  been  overconlt^,  than  on  the  mere  t|uantitT 
of  materials  removed  or  built  up.  The  double  line  of  railwav 
of  broad  gauge  conf?triitted  iijj  the  Uliore  ghat  consists  of* 
continuous  series  of  heavy  cuttings  and  eiidmnkmcnt:^  reaching 
76  tV-et  in  depth  or  lieight  on  the  central  line,  broken  up  liy  * 
rapid  succession  of  tunnels  picrfctl  through  projrrt  ini^  hitul 
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Aiids,  fiiuf  bv  1m)UI  lofly  \iiuliifts  of  iiiusoiirv  over  Iho  tka'|> 
rocky  ravines  tiiul  gorgi-s  u  ith  x^liidi  tlie  face  of  the  pr4H?i|>it«us 
di^  is  ooiistanlly  iiitt/rswk-cL  The  cutting  and  tunnek  arc^ 
for  the  most  part,  hlantet!  thixnij^li  Imsaltie  rocks  of  the  hardest 
di*s(Tiption,  ami  eiiihaiikiiiejits  twv  larfrely  hiiilt  ujj  uf  roeky 
niaterialrt.  The  line  is  fret|nently  earned  dinging  to  Uie  steep 
hill-»idi.*s,  with  the  inner  portiini  of  ily  fnrjTKition  Mirfiiee 
notchcti  or  l>cnc]ioti  into  the  rock»  \iliilst  the  outer  portion 
u  carrifcl  cjn  nrtifieial  l>ank«  having  an  enormous  outwa^rtl 
«lti^H\  or  the  outer  lialf  nmv  be  snp[H>rteil  by  long  lengths 
of  ni/LMonry  retHinitig-Mnll  Uuilt  up  from  girat  Jeptlis  below, 
or  Im*  enrried  on  a  series  of  nreh-vaulting  phinted  agnimt 
the  sU>pe.  In  many  sneh  sititationn,  w\\  an  eisewhere,  the 
line  i«  exposed  to  tlie  treipieut  danger  of  hLuds]i|is  from  the 
Btwp  sloix's  siturtted  above  its  omrse.  The  (M>il,  tilled  witli 
niAHNive  tKndders  of  roelv,  lieeonung  Imisetied  by  tlie  heavy 
imptcnl  rains,  huge  miiHscH  are  lialile  tt>  be  dislodgcti  aiul 
projectcti  dowiiwartis  with  terrific  violeiiee^  and,  unless  jire- 
vented,  may  dtLsh  into  and  ereate  havt»e  on  the  surface  of 
the  ruit^^av.  In  Mime  of  tlie^^e  |>taeeh  the  amount  of  hdanir 
umI  cxi^oniie  invoked  in  reducing  or  pr*>teeting  the  iijjpcr 
^Imics;  in  the  rotiistruction  of  catch-uater  drains,  and  over- 
IWul  |)aHAagi'!t  for  diseharging  the  eolkH.'twl  \^ater  over  the 
COUTH*.'  of  the  railway  into  the  valley  Ix'hnv,  in  order  to  obviate 
the  risks  of  land>ili])fi,  i»*  enormotif^. 

Ilie  total  (pumtity,  of  mostly  hard  r<K'k*rutting — ^rcaehiiig 
a  maximum  depth  *in  the  ei»ntral  line  of  76  feet — ^oii  the  Bhoro 
gkdt  funuation  of  tfie  railway  in  upward**  of  54  millions  of  cubic 
feet,  or  2  mdlions  of  eidiir  yfirds.  The  (piantity  of  uuiterijil  ill 
the  embankment*  aggregates  (JT^  millions  of  culiie  feet,  or  2J 
,J>tllion  euhie  yardn,  ami  owing  to  tJte  exeessive  stet'pness  of  the 
IPflelong  groimd  along  whieli  the  Ittinks  are  carrietl,  whilst  the 
licigbt  on  the  central  line  may  U-  5<)  to  75  feet,  the  tiw  of  the 
oatrr  5lnjM'  in,  in  ^nm-  ciiscs,  silimted  in  the  valley  150  to  iiOO 
feet  below  the  formation  level. 

There  ore  four  sit^tioiiK  on  the  incline,  the  Hr*t,  named 
Tbakurwada,  is  pWvd  at  a  dit^tance  of  o  mile^  from  the 
bottom,  And  i:*  provided  with  catch,  or  nafety  Hidings  hito 
which  any  dc»cending  or  runaway  train,  or  detached  vehiclcfi« 
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can  be  turned  and  stopped  when  necessary;  the  second  is  a 
reversing  station,  situated  at  Battery  Hill,  in  the  ISth  mile ; 
the  third  is  at  Khandalla,  in  tlie  14th  mile ;  and  the  fourth 
at  Lanowlee,  on  the  summit  level  of  the  gMt  At  the  revers- 
ing station — by  means  of  a  turntable  and  sidings — the  engines 
are  turned  and  brought  round  to  the  other  extremity  of  the 
trains,  which  then  proceed  in  a  reverse  direction  to  that 
from  which  they  entered.  The  principal  object  of  this  arrange* 
ment  was  to  prolong  the  length  of  base,  and  to  reach  the 
highest  possible  level  before  attacking  the  difficult  features  of 
the  main  ghdt  precipice  lying  between  the  reversing  station 
and  Lanowlee. 

At  the  commencement  of  the  ascent  from  near  Fadushurree 
the  railway  is  carried,  nearly  in  a  semicircle,  round  the  western 
and  southern  sides  of  a  long  irregular  spur  projecting  from 
the  ghat  range.  Continuing  to  cling  to  some  portion  of  this 
spur,  and  gradually  mounting  by  a  stiff  gradient  of  1  in  40, 
the  line  at  the  10th  mile  reaches  a  narrow  neck  of  hill  con- 
necting it  with  the  main  gkdt  cliffs.  At  the  end  of  this  neck 
the  reversing  station  is  placed,  1349  feet  of  the  total  height 
being  now  surmounted,  leaving  482  feet  to  be  still  climbed  in 
the  last  4J  miles  before  reaching  the  crest  of  the  ghat  at 
Lanowlee.  Heturnii^  to  the  bottom  end  of  the  incline,  tlie 
railway,  after  passing  some  exceptionally  heavy  embankments 
in  the  2d  and  3d  miles,  traverses  a  group  of  six  tunnels, 
the  longest  of  which  is  429  feet,  and  is  then  carried  over  the 
remaining  distance  to  Thakurwada  station  in  the  6th  mile  by  a 
series  of  formidable  works.  Here,  in  a  length  of  2  miles,  occur 
eight  considerable  tunnels  and  five  lofty  viaducts.  The  largest 
of  these  tunnels,  through  hard  trap  rock,  is  1305  feet,  the 
remainder  being  from  147  to  873  feet.  Tlie  viaducts  are  of 
masonry,  having  four  to  eight  arches  of  50  feet  span,  the  piers 
reaching  77,  98,  129,  and  143  feet  in  height  above  ground. 
Beyond  Thakurwada  the  railway,  following  a  south-east  line,  is 
carried  for  some  distance  along  a  natural  bench  or  step  on  the 
hill-side,  without  meeting  any  serious  obstacle.  Reaching  the 
8th  mile,  it  is  passed  over  two  ravines  by  two  viaducts  of  six 
40-fcet,  and  four  30-feet  arches,  having  piers  48  and  88  feet 
high,  and  continuing  along  the  same  bench,  in  the  succeeding 
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!i  miles  it  traverses  iiiiio  tunnels,  the  longest  of  wUkh  is  84fj 
feet,  ^iUmteii  in  tlie  lOtli  mile.  The  line,  still  on  grades  of 
1  ill  40  hihI  1  in  ^0,  piLs«;es  hIou^  tin*  neck  of  iiiil  joining  the 
Um^  sipiir  i]j>  wUliih  it  1i/ls  liitlieHii  flimbt^d  witli  the  main 
and  reaches — after  passing  over  another  viaduet  of  o»y 
(iO-,  and  ten  40-feet  arches — the  reversitig  station  of  Battery 
Hill.  Lt»a\ing  iiie  reversing?  station  hy  the  sharpest  curve  on 
the  infliiK\  viz.,  that  of  lo  chains  rndius,  on  a  grade  of  1  in  75, 
the  line  pierces  the  projecting  hhifl' of  a  solid  hasalt  liill  hy  a 
tunnel  10S3  feel  lonjj,  and  now  eutei's  the  great  gorj^e  or  ravine 
down  which  flows  the  main  stream  of  the^/fi5/,  VV'inding  up 
the  Hitle  of  lliis  nivine,  and  cHnging  pcrtinaciouslv  to  its 
wHithern  flank,  the  railway  clinil)s  hy  a  ?ilifl'  gradient  of  1  in 
.'I7»  the  1  mile  HH  chains  leading  to  the  slu)rt  con»|H*rutive  hit 
of  levfl  at  Klnnnlidla  station*  })as^Jng  on  its  way  through 
Another  rock  tunnel  1^0  feet  h»ng,  thence  by  leaser  gradients 
I  in  40  and  1  in  50  it  mounts  tite  remaining  2  miles  to  the 
sumiuit  of  the  lMii>re,  at  Ijinowlee. 

The  works  on  the  DEiore  g'ftaf  incline  comprise  twenty*live 
tuiineU  of  a  total  length  of  !l!)86  vard^^^  or  over  U\  miles,  tlie 
two  Uinge^t  heing  one  of  4135  vards — or  feet — aiid  one  of 
1141  yartU— or  W2iS  feet—in  length,  carried  without  a  shaft 
thnnigh  a  mountain  of  basalt.  Generally,  from  the  rnggetl 
character  of  the  cliffs,  it  was  rart'lv  piisMble  to  sink  8unnnit 
sbnfUf  and  the  itnniels  had  to  l>e  driven  from  the  two  ends. 
Being  always  on  stee|>  gradients  and  often  on  tiliarp  cun'es, 
Ihc  moat  careful  and  accurate  setting  ont  was  necessary  in 
order  to  frceure  a  trne  junction  of  the  heudtngrt.  There  are 
Altogether  on  the  ^»'/f«/ eight  lofly  viaducts  of  niThed  masonry, 
having  a  total  leitgth  of  29(il  feet,  or  over  half  a  mile,  'llie 
two  lurgi'Ht  are  504  feet  long,  having  a  maviniuni  lieight  of  no 
leas  than  160  and  1(>'*3  feet  above  foundations.  Of  smaller 
bridge*  there  are  twenty-two  of  spans  from  7  to  110  feet,  and 
eightv-one  culverts  of  varions  si/e.  The  construction  of  this 
tiait'lv  16  niiK'A  of  mountain  railroad  ocTupied  j^ven  and  a 

CBUarter  year*,  and  it  co!*t  i'l,10(>,(KK).  Ttie  average  number 
bf  latiourers  and  workmen  of  all  kindr.  eniphncd  during  two 
KUCMWwaii  S5,00a,  and  in  the  year  1H61  upwartU  of  412,000 
nrn  orv  slated  to  have  In'cn  engaged  on  the  works. 
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Among  tlie  juan^'  peculiar  difficulties  encountered,  both  on 
the  Bliore  Atul  on  tlit- Tliiil  ghat  inclines,  were  tlie  unhealthy 
nature  of  the  hot  and  rainv  seasons  (the  latter  with  a  minfall 
of  ^iOU  indies),  and  the  fjital  epidemics  whicli  so  often  ftcattc^mf 
and  dispersed  the  armies  of  men  engaged  ;  the  rugged  and 
precipitous  character  of  tlie  gnuinJ,  impi<1iiig  the  haulage  and 
transport  of  material,  and  harassing  all  engaged  on  the  opera- 
tions ;  the  sudden  antl  dangerous  landt^lips  from  the  hilt-stdesy 
and  the  extreme  hardness  ami  nolitltt^  of  tlie  trap  rockn  so 
largely  dealt  witli ;  the  sfarcity  of  water  at  certain  periods 
of  the  veftr,  and  the  difficulty  at  all  times  of  providing  the 
ordinary  necessaries  and  comforts  nf  the  workmen.  There  are 
probably  but  few  travelk-rs  now  daily  {lahsing  up  anti  itown  Ua* 
mflgni(icent  Thul  and  Bhore  ffhdt  inclines,  (piietly  seated  in 
coniforlahle  railway  carriages,  who  can  al  all  tule(|uatelv  renlisr 
the  extraordinary  nature  of  the  ohslaelcr*  which  have  been  wi 
successfully  overcome,  nud  the  grent  skill  and  daring  of  all 
those  engaged— especially  dirrhig  the  first  years — ^in  $>hapTn^ 
and  carving  out  of  the  rocky  mountain  ^ides  those  wide  luxu- 
rious roads  on  whieli  they  now  so  easily  and  securely  travel. 
To  form  a  trtie  conception  of  tlieir  surprising  magnitude,  it  is 
necessary  to  pass  along  them  either  on  fool  or  hv  ojitn  trolly* 
closely  observing  all  the  numberle»»  ingenious  eNpe<lients 
resorted  to  for  making  the  nmgli  wavs  smooth,  and  con- 
verting tlie  stupcndou.s  natural  ine([ualiHeh  of  tlie  precipitous 
hills  into  a  scries  of  unifonn  inclined  surfaces,  as  well  as  ch>»elv 
rcgartling  from  below  and  frmn  above  tlic  detail*  of  the  tower- 
ing embankments  and  nul^onry  viailucts  liy  which  the  low  part* 
have  lieen  filled  up,  and  the  ccuistantly  recurring  wide  am! 
spatuous  tunnels,  or  deep  rock-ctittingN,  by  which  the  project- 
ing mountainous  ridges  and  bluffs  (lave  hetn  brought  low; 
until  tlie  whole  rugged  and  inhospitable  region  has  Ijeen 
smootlied  down,  and  rendered  easy  and  secure  for  tl»e  daily 
transit  at  all  seasons  of  railway  trains  crowtlcil  with  men  and 
merchandise. 

From  I^nowlee — where  the  railway  has  at  length  gained 
the  summit  level  of  tlie  AVestern  •'■//rffA — the  course  followed  b\ 
the  »outh-east  cxtension^of  the  (ireal  Indian  IVuin.sula  line  is 
via  Poona  and  Sholapore  to   Uaichore^  where  it  join*  the 
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ra»  railway  at  409  miles  from  Bombay.  For  the  i'nsl 
|iarlioa  of  tlic  diatuncc  it  traverses  a  somewhat  rougli  countrv, 
with  a  ruling  graiHent  of  1  in  131,  but  for  the  most  part  thv 
works  arc  of  an  ordinary  charaoten  Crossing  the  river* 
Ubccma  und  Seena  by  two  bridges — the  Krst  uf  twenty-eiglit 
masonry  arches  of  40-feet  span^  with  piers  60  feet  high,  and 
the  second  of  twelve  s«imiljir  arehes»  witli  piers  54  feet  iti 
height— the  line,  a  short  distance  before  reaehing  JtaiL^hnre, 
tmiues  the  Kistna,  a  stream  of  eonsidernble  mapiitudc,  by  a 
j^inler  bridge  S855  feet  Iting,  consistiiij:^  nf  thirtv-six  etrnr  spans 
of  100  feet  each,  witlj  piers  formed  of  iron  cylinders  filled  with 
concrete^  40  feet  high  above  the  lowest  water.  Tlie  piers  anil 
fttnitmcnts  of  the  Kistrm  bridge  have  been  eonstruetc*!  for  a 
double  line ;  the  superstt  iicture  earr\ing  a  single  line  oidv,  and 
the  completed  cost  of  the  struetnre  h  given  as  i?127jiOO* 

Tlie  total  length  of  the  Great  Indian  Peninsula  Hvsteni  of 
main  line?*  and  branches  is  l5i8HJ  uiiles,  The  north-etist  main 
line  OB  far  Khandwa,  mile^  from  Bombay,  is  laid  double* 
w  well  an  the  (iO  nnles  from  Bhasavul  to  Sheo^anm  on  t}ie 
Na^qjur  braneh.  On  the  south-eafit  trunk  line  tlie  rails  are 
double  for  a  distamv  of  4(>  miles  from  Callian,  making  in  all 
459  miles  of  ilouble  trfiek.  On  tl)e  rest  of  the  railway  tbi? 
i-arthworks  are  for  the  ojost  part  nvule  for  a  hingle,  and  the 
masonry  of  bridges  and  vimlucls  for  a  double,  line  of  way. 
Tlie  raiU  oHginaltv  laid  were  of  iron,  weighing  fiH  and  84  lbs. 
per  vani,  thej<'  are  now  being  gradually  ri*plnced  by  steel  rails 
of  60,  HSj  and  86  U>s.  Tlie  sleepers,  which  %vere  originally  of 
irofx!,  are  also  being  largely  rcplac  tit  by  iron  l>owU.  As  far  as 
Sholapire  the  line  was  openetl  in  sivtions  at  various  times 
being  completed  to  that  town  iti  June  1S60»  The  extension 
bcvomi  Shjilapore,  to  nu-et  the  Mjulnis  railway  at  Raiehore,  was 
lidayed  ;  not  l>eing  eomniencfd  until  tlie  year  1865,  and  the 
p«rniam*nt  bridge  over  the  Ki^tna  river,  near  the  end  of  the 
Kciion,  was  o|)ened  for  traffic  in  (Vtober  18TJi.  The  Great 
tikdian  PeninKola  Hniluav  Companv,  in  addition  to  their  own 
line",  work»  uniler  contract  with  the  Government,  tlie  Dliond 
and  Munninr  State  Hnilway^  the  Ilerar  branclmi.  and  tbi* 
WnrdliA  Valley  State  Railway,  which  opens  up  a  valuable  coal 
HeW  at  Wanirn*  in  the  (Vntral  Provinces. 
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Tlie  original  portion  of  the  *Madras  Uaihvay'  fivslcmof  \\nc% 
wflHj  as  we  luvve  seen,  that  to  tlie  south-west,  from  the  citv  of 
AlaJras,  tlirniii^Ii  AiTonuiii  and  Menil,  to  the  opposite  st*ii- 
coast  nt?ar  Ik'vpoor  {now  cxteiidcti  to  (*alicut).  From  thi* 
trunk  liiw?  an  iTiiportunl  hrnudi^  87J  niiWs  liui^,  oNtends  to 
Jiiiiigaloro,  ami  oiio  of  i^G  milt's  fo  Ontacfiiriniul,  Tht*  first  sod 
of  this  raiUviiy  wius  turned  on  the  Wtli  June  1853,  tlif  intention 
being  to  construct  an  *  experimentnl line  from  Mmlra?^  to 
Menil,  H  distntice  of  50  niiU^s,  but  before  this  length  was 
completed  it  was  dmih'd  to  c^xten*!  the  railway  to  thf 
western  toast,  antl  tlie  final  contract  was  accordingly  sr^eci 
in  1855,  The  distance  from  Madras  in  Heypoor  is  -WMi  miles. 
The  line,  leaving  tlie  terminal  station  at  Madras sitimted  almost 
ou  the  »ea-bearh,  ]»as8cs  Arconum,  the  j  miction  station  for  the 
Bombay  line,  at  4S  niiles,and  traverses  tlie  width  of  the  jKNiinsuIn 
without  encoimterinjir  any  si^'rious  engineering  ohstneles.  The 
range  uf  Western  ^hM^  on  the  ojiposite  coast  is  }>a»<sed  by  tlie 
^ap  at  Palghat,  at  a  point  4>nly  8()0  feet  above  the  level  of  th<? 
sea,  and  affording  a  fairly  easy  descent  to  the  sea-coast. 

X'ollowing  now  the  section  of  the  Mnclras  railway  connect-I 
ing  with  Bombay:  ^ilmrlly  after  leaving  Raicfiore,  and  tlie- 
Great  Indian  Peninsula  Uailwav  terminating  at  that  phu'c, 
the  Hue  enconnters  the  large  Tungabudhra  river,  winch  it 
crosses  by  a  girder  bridge  4-OGO  feet  long,  consisting  of  liftv- 
cight  spans  of  64  feet  each.  Uunning  almost  due  Koiith,  it 
traverses  a  motk^rately  easy  country,  and  reaches  the  junction, 
station  of  Gnntnkal — now  nn  important  centre  atnl  meeting- 
point  of  an  exlensivt!  system  of  narrow-gauge  lines  in  the 
Madras  Presidency,  Here  the  Madras  railway  trunk  lini; 
bends  to  the  south-east,  and  after  passing  over  about  25  mile* 
of  rough  and  hilly  country  appmaehes  two  important  rivers 
vix,^  the  Penner  and  the  Clntravati,  which  it  crosses  by  two 
fine  bridges  lately  recoiihtrncted,  tme  183U  feet  long,  opened  in 
lH89j  of  thirteen  girder  spans  of  1131  feet  euclu  with  fountla- 
tions  54  feet  below  the  lowest  water ;  the  other,  !2GiO  feet  loii(( 
—opened  in  1890 — of  nineteen  girder  spans  of  the  same  nisw;, 
wiili  foundations  TS  feet  below  low  water.  I'lie  respective  enxt 
of  these  bridges  is  approximately  £\\%W0  and  i'lafJ.OOO. 
Several  other  streams  of  some  lungnitutle  are  also  slmrtly  lifter' 


RAILWAYS  IN  INDIA 


961 


H'AnItt  eiicuuivtervU,  iiK-luJiiig  the  Pupnghni  river,  over  which 
2\  lar^  ^irdtr  l>ri<lge  of  fifleoii  spans  of  131  feet  is  now  in 
course?  uf  riMistruclion,  itj  lopliucnii'tit  of  nil  larlier  stnictiire. 
A  ffw  iTiili's  h»'_vfin(i  Ciuhlnpah  tlie  raihvav  rt^lics  aiul  cre»sses 
tUe  river  Cheycr  bv  a  h>ng  bntl^^c  of  3500  feet,  co«tiiig  ^^124, 500, 
ami  c-onsislin^  <)f  fifty  spans  of  64  ffel,  with  a  nmxinnim  dcj^th 
of  fovindalions  of  KKl  feeL  I'Vom  tlie  Cheycr  nvor  to  tlie 
junction  with  the  Maih-as  Ikypoor  (Calicut)  railway  at  Ar- 
coniiin,  42  nnles  from  Madras,  tlie  line  traverses  a  hilly  country, 
cut  up  ^vitli  ravines  and  iieees-^itatiiig  invicli  lit-avy  euihaukmt-nt 
and  rorky  cuttin;^,  but  containing  no  works  of  more  than 
averaf^'  iniporljtnce*  ThL'  total  length  of  the  Madras  Hallway 
fivsteni  of  liiie.s  as  now  open  is  8,'$!)^  niilesj  of  whifli  tlie  len^tli 
from  Raid  lore  to  Arconuni  is  ^iOTi  mile^  the  renminder 
Wlon^ing  to  the  south-west  system. 

The  wej;;ht  of  the  rails  on  tliL-  Madras  Railway  vary  from 
65  to  B4  lbs.,  laid  on  iron  bowl  hlei-pers.  Originally  the  ^tmth- 
»v*tcm  wction  was  Uild  with  wooden  sleepers,  and  an  cxpcri- 
uieui  was  niaJe  of  nsin^^  stone  blocks  1^  xH'XV  in  their  ])laee  ; 
these  were,  however,  soon  diseariled,  find  iti  1861  the  jungle- 
wood  sleepers  iir&t  used  were  re[*hiceil  by  cast-iron  howls,  which 
are  now  almcist  ejitirely  ^•ntpl()ye<L 

Hie  early  history,  getienil  alip|;unient,  and  principal  con- 
htnicticnial  features  of  the  three  parent  lines  of  the  Indian 
rnilwav  system,  vi/.  the  *  Kast  Iinliun  Railway,^  the  *  Great 
Indian  IVniiifrulu  Railway/ and  the  '  Madrvis  Hallway '—Aggre- 
gftting  ;Mio:S  miles — Inive  now  heeii  sueeinctly  traced,  II  wiadd 
lie  neither  iLgreeabte  to  the  render^  nor  suitable  to  the  limited 
c'onipa^K  (»f  this  vohniie«  to  attempt  to  follow  in  Kimihu*  outline 
the  devi'lopnient  and  course  of  the  remaining  14,0t>0  miles  of 
the  existing  railways  in  India.  It  will,  in  the  succeeding 
chapters  be  sufficient  f<»r  the  main  purpose  in  view  to  illus- 
trate, with  greater  ttr  les*»  jmrticularily — aceortling  to  relative 
hnportance — only  those  great  works  of  the  first  niagnitiidt*  and 
intrrent  which  are  to  be  met  with  mattered  over  the  country 
on  till'  varioiiH  lines  of  niilway,  rescTving  for  u  e<ineluding 
chapter  a  rrgumv  of  liuch  of  the  general  a:»pcctti  and  ntatiAtiai 
of  Indian  railwavA,  (riniMiflered  m  a  whole,  as  may  be  of  general 
intrmit. 
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REMARKS,  60RAI  BRIDGE,  DUFFERIN  BRIDGE 

PreUuunary  observations  on  some  of  the  peculiarities  and  circumstances  o( 
Indian  rivers — Position  of  bridges — Design  aflected  by  character  of  the 
river — Arched  masonry  bridges — Conditions  rarely  suitable — Iron  struc* 
tares — Bridge  piers  and  abutments — Determination  of  minimum  waterway- 
Security  of  bridge  abutments — Training  works — Selected  examples  of  la^ 
or  interesting  railway  bridges  in  India — The  bridge  over  the  Gorai  river, 
Eastern  Bengal  Railway — Particulars  and  details  of  construction — Sinking 
the  cylinders — Floating  the  girders  into  position — The  Oude  and  Rohilkund 
Railway — Outline  of  system — Particulars  of  bridges  over  the  Ganges — ^The 
Dufferin  Bridge  at  Benares — Descriptive  details  of  design — Erection  of  the 
bridge — Preliminary  work — Sinking  the  main  pier  caissons — Great  depth 
of  foundations — Accident  at  No.  4  pier — Remedial  measures — The  minor 
piers — Erection  of  superstructure,  and  completion  of  the  work. 

The  selected  examples  of  large  railway  structures  in  India, 
illustrated  in  this  and  the  following  chapters,  are  almost 
entirely  confined  to  iron  or  steel  bridges  of  some  magnitude, 
carried  over  the  great  rivers  of  the  country.  It  will  serve, 
therefore,  to  the  greater  interest  of  the  reader,  as  well  as  to  his 
better  appreciation  of  the  more  difficult  problems  occasionally 
to  be  solved  in  connection  witli  large  bridge  construction  in 
India,  to  preface  this  chapter  with  a  few  preliminary  observa- 
tions on  some  of  tlie  special  peculiarities  and  circumstances  of 
Indian  rivers,  as  affecting  the  general  features  of  the  design 
and  location  of  large  railway  bridges.  In  making  these  observa* 
tions,  however,  no  attempt  is  made  to  treat  in  a  comprehensive 
manner  so  exceedingly  important  and  difficult  a  subject ; 
the  observations  are  confined  to  the  indication  of  a  few  broad 
general  features  of  bridge  location  and  design,  suited  to  the 
general  reader. 

In  selecting  the  exact  spot  for  bridging  a  large  river,  the 
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ginerr  w  usually  rfstricled  to  very  niodtTntt  limitt*  of 
Ultioii  from  the  direct  route  propoaotl  to  be  taken  by  Um' 
t^Stfsy.  Witliin  such  limits  he  will  sL-ek  for  some  portion  of 
the  rallev  where  tlie  main  cliannel  of  tlic  river  is  not  oidy 
Coi)omtnited>  but  where,  from  all  reliable  italiealions,  it  appears 
to  Ijc  fixed  in  a  permanent  manner*  Fajlinr;  tbe  diseovery  of 
»m*h  a  position,  M>nie  more  or  less  eont^iderable  outlny  will  bo 
nece»sarv  for  regulating  tbe  elianncl  ami  pieser\"ing  the  porma- 
nencv  of  the  bctl,  bv  means  of  artificial  training  w(jrks.  The 
whole  tlenign  i>f  tht*  conteniphLted  liridge  will  in  great  measure 
bu  ^iverned  by  the  elmratter  of  tile  river  bottom  at  the  point 
|b1^^'<^  for  tl^t^  erection  of  tbe  structure.  In  ordinary  cases 
whert-  permatieiit  roek,  or  other  siiffieiently  liard  strata,  oceurs 
on  tbe  HurfacL*,  or  is  pluted  within  easy  reaeh  below  water,  and 
wlu-re  Muitable  Innhlin*;  materiala  are  obtainable  at  ordinary 
I'xprnse,  a  bridge  with  inttsonrv  piers  coTmerted  by  stone  or 
brick  arebwork  will  prolwibly  \k'  the  most  eeonomical  in  first 
ewt;  ami,  if  »<\  will  certainly  be  the  most  eonvenient»  the  nio&t 
pleasing,  and  altocri-ther  the  nfost  desirable  construction. 
A  well-desJi^ued  and  well-built  arched  niaj?onrv  bridge,  mice 
made  on  a  secure  foundation,  entails*  little  or  no  subs^uent 
ex|>eiiM.%  and  the  line  of  railwav  laid  over  it  is  fi-ee  fixini 
the  many  inconveniences  ariMiug  from  tfie  contraction  and 
exponiiion  of  large  iron  or  «teel  superstructures.  The  heavy 
expense  of  fretjuently  painting  the  iron  prder  work  to  avoid 
enrrtwton  ;  the  tiabilitv  to  aIuw  dctcriomtjon  under  the  constant 
inherent  motion  of  itfi  part^,  and  tbe  vibration  of  passing 
tmins,  together  with  Hie  nilHing  noise  experienced  mider  the 
traffic,  are  givut  ilravvlmckfv  in  the  case  of  all  iron  nr  steel 
xtnicHurr*.  In  the  plains  of  Indiji,  however^  tlie  coiulition^ 
ry  for  Hccurity  ami  tvononiy  in  tbe  erection  of  arched 
in*  bridges  of  large  si/e  are  rarely  mel  with,  fur  in  all 
r—ra  Trhrrr  thr  rvprnrr  nf  pier  foundations  reaches  beyond  a 
i>  I  '  ■  M(Mirtiin»,  econtnnv  in  fii'st  rust  has  to  be  songlit  by 
iii>  ■  ■  •  the  width  of  c>[H*ning,  so  iw  ti»  limit  the  number  uf 
tlie  pien,  and  thu!»  the  size  of  span  fi(K>n  extends  Wyond  the 
practical  Umit«  of  arch-work.  Hridge  picrji  and  abulmrnts  in 
the  groat  majontv  of  caM.*»,  are  eon^triieted  of  htone  or  brick 
masooi^^  bnt  the  use  of  in^n  for  pier*,  jw  well  a*  for  ihr 
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superstructure  of  bridges,  is  sometimes  imposed  by  local  condi- 
tions, amongst  othci-s,  by  any  special  liability  of  tlie  district 
to  earthquake. 

The  determination  of  the  minimum  waterway  to  be  allowed 
in  the  case  of  bridges  over  the  larger  class  of  rivers,  especially 
in  the  great  alluvial  plains  of  upper  India,  is  attended  with 
many  peculiar  difficulties.  As  a  rule,  little  or  no  means  exist 
of  ascertaining  the  true  area  of  the  basin  drained  by  these 
rivers,  especially  if  liable  to  receive  spill  water  from  other  river 
basins.  Moreover,  tlie  areas  are  usually  so  enormous,  and 
subject  to  so  many  fluctuating  conditions  of  rain&ll,  and 
physical  constitution,  and  the  problem  is  complicated  by  so 
many  highly  variable  conditions,  each  affecting  in  some  degree, 
and  some  largely,  the  maximum  flood  discharge,  as  to  place  its 
theoretical  calculation  at  the  best  on  a  very  empirical  and 
uncertain  basis.  In  these  circumstances  the  engineer,  naturally 
solicitous  above  all  for  tlie  permanent  stability  of  his  work,  is 
apt  to  err  on  the  safe  side,  and  provide  for  a  greater  area  of 
waterway  than  necessary,  rather  than  incur  the  risk  of  unduly 
contracting  the  limits  of  the  highest  recorded  flow  in  the 
river  during  high  floods. 

It  is  rare  in  the  plains  of  India  to  And  a  river  flowing  within 
well-define<i  banks.  A  tolerably  permanent  high  bank  mav 
often  be  found  on  one  side,  behind  which  one  abutment  of  a 
bridge  may  be  securely  placed.  The  proper  position  for  the 
further  abutment  then  becomes  the  difficult  problem.  In  such 
cases  the  main  channel  will  invariably  be  found  nearest  the 
high  and  more  or  less  permanent  bank,  and  the  main  openings 
of  the  bridge  will  of  course  be  there  provided';  a  less  expensive 
structure  being  designed  as  a  continuation  of  the  main  openings 
for  such  distance  over  the  opposite  low  ground  as  may  be 
deemed  necessary  for  security.  In  all  cases  where  the  piers 
and  abutments  of  a  bridge  can  be  rendered  perfectly  secure 
against  scour,  and  capable  of  withstanding  the  concentrated 
force  of  the  severest  floods,  at  a  loss  cost  than  increasing  the 
lineal  waterway  of  the  whole  structure,  the  length  of  the 
bridge  will  be  safely  contracted,  and  the  river  will  be  largely 
permitted  to  adjust  its  own  sectional  area  to  the  discharge, 
which  it  will  do  by  scouring  away  its  bed  to  the  extent 
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neccssaiy ;  but  in  frequent  prftctice  the  increased  cost  of  pro- 
trctiuu  and  of  training  works  tliereby  ciihiileil^  will  exceetl  the 
due  to  ftliortening  the  l)i*ii!ge.  Kvtry  bridn;o  nite  in  i\w 
_^  plains  of  India  possfsst.'s,  in  fnct»  so  niany  sptrin!  and 
peculiar  features  of  its  owii,  tliat  tfie  dctmninatimi  of  the  water- 
way to  \ic  allowfd  is  only  vr^ry  partially  reJ^icible  to  general 
principles,  or  to  coivsi^lerattons  applicable  in  all  cases.  The 
two  important  objects  which  the  practical  engineer  will  always 
hjivc  in  view,  nnd  which  will  mainly  govern  his  designs,  will 
l)e  the  jK^rfect  8ccni  ity  of  the  bridge  abutments,  and  the  estah- 
1t«hnicnt,  by  suitable  training  works  where  necessary,  of  a  per- 
mancrit  and  wvlUdctincd  cltannel,  for  some  distance  above  and 
well  thruugh  the  ^iite  of  the  bridge^  evenly  embracing  its  water- 
way, nnd  constraining  the  passage  of  the  watvr  through  the 
wliule  width  of  the  work,  witfi  a  fidrly  unifomn  vt'ltieity  of 
currv'nt. 

It  u  now  necessary  to  select  fcjr  the  purpose  of  iihistrution  a 
adilitional  e\rttn]>les  of  large,  or  otherwise  intere?iting 
_  can-ntrnctions  occurring  on  Indian  lailvvays,  out  of  the 
wy  numerous  sum-total  of  such  works,  Ihe  latter  c<nnpiising 
many  of  scanely  inferior  proptntittns  to  those  which  the 
L*  at  omnnand  pcmiils  dctailt'd  iiu-iitit^n. 
On  the  (loalunila  extension  of  the  Ka^tern  Hcn^al  Jtailwav, 
between  the  years  1867  and  1S70,  a  bridge  was  constructed 
0¥€r  Ihc  Gorai  Hiver,  which,  although  not  a  work  of  t*spccially 
renmrkAlkle  »ixe,  i^  an  interesting  exuiiipie  of  cons^truction 
mried  out,  under  peculiar  conditions,  by  tlie  application  nnd 
enipliiynient  of  sjiecial  niethuds.  The  data  for  the  fidlowiiig 
description  of  this  bridge  is  collected  from  ji  very  full  pa|»er 
on  iUcanstniction,  read  bt^-fure  the  InHtitutjon  of  t'ivil  Engineers 
hy  its  designer  n[jd  builder,  Sir  Uradfont  Leslie,  K.C.I. E.^ 
M.I.C.K.'  'I'he  Gonii  Uivcr  is  the  largest  and  moat  important 
of  the  iQiuiy  arms  or  hrauehe^  into  which  the  (ranges  is  broken 
up  on  resaching  its  delta  at  the  head  of  the  liiy  of  Bengal 
At  Ihc  »itc  ehosfu  ftir  the  railway -crowing,  the  river  in  the  dry 
•eftM>n  is  about  UKX)  feet  wide,  with  n  depth  nf  40  feet  of 
wAtcr,  but  during  the  rainy  treason  the  width  reaches  1(>00 
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feet,  with  a  flood  rise  of  28  feet,  and  a  velodtv  of  cum'iit  n 
nearly  5  miles  an  hour^  at  wliicli  time  tlic  bed  is  scoured  ouE 
mmc  S4-  feet,  so  tliat  the  body  of  water  then  reaches  over 
90  feet  in  depth.  The  fUluviid  de])osit  forming  the  be«l  nf  Iht* 
nver  consists  of  &  light  «andy  clay  and  loam,  followed  by  a 
stratum  of  stifler  clay  overlying  a  coarse  f^rey  sand.  | 

The  milway  bridge  thrown  across  the  Gorai  confiists  o^Bcrtn 
main  girder-spani  of  185  feet  each.    On  the  west  side,  beyond  I 
tlic  seven  main  spans,  a  raised  portion  (vf  the  river  bed— covemf* 
liowevcr,  by  30  feet  of  uater  iu  ^ootls — u  crosbcd  by  a  ca-Ht-inif 
screw-pile  viaduct,  of  nine  spaiis  of  46  feet  3  inches,  so  thai 
the  total  length  of  britl^je  and  viaduct  eonstriiclioti  is  1744 
feet.    Ivicli  })ier  of  the  main  bridge  is  composed  of  two  imi 
tylindcj-s,  placed  i)7  fiet  6  inches  apart  from  centre  to  centn;; 
this  width  heing  sntticicnt  to  allow  for  a  double  line  of  rails  if 
i-etjuired.    The  cyltiulers  arc  sunk  to  n  maximum  depth  of  98 
fi^et  behiw  low  water  (those  forming  the  land  extremities  being 
sunk  to  the  same  depth  as  those  in  inid-stream),  and  the  total 
depth  to  which  the  foundations  were  sunk  was  dettrmineii 
with  reference  to  tlie  amount  of  scour  anticipated.    The  lower 
portion  of  each  cylinder,  for  a  l»eight  of  i50  feet  6  iticbcs,  U 
built  up  of  nrought-iroii  rings,  each  4  feet  6  inches  liigh, 
bolted  togetlier  by  internal  flann;es,  and  is  14  feet  diameter  fit 
the  bottom — where  the  lower  edge  is  stren^^thcned  to  form  a 
strong  cutting  eilgc — and  13  feet  4  inches  at  the  top.  Above 
the  ivrouglit-iron  portion^  a  cast-iron  conical  pii-ce  narrows  the 
diameter  to  10  feet,  and  the  upper  leiigtli  of  the  cylinder  i* 
formed  of  cast-iron  of  this  dianieter;  the  cast-iron  ]>ortion 
being  put  togetlKr  in  rings  of  Com-  segmcntSj  each  9  fLvt  high. 
The  separate  stgrnents  are  bolted  togetlier  Iiy  means  of  in- 
ternal projecting  flanges,  leaving  the  [jicrs  bmooth  on  tlm 
eKternal  fat-e,    AVhen  eonipleled,  tlie  pier  cylinders  were  tillod 
in  with  concrete  juid  brickwork,  and  wei-c  joined  together  at 
the  top  by  two  wrought-iron  comiecting  girders,  wbicli  *erve 
to  carry  the  main  girders  of  the  superstructure,  at  a  lieight  of 
50  feet  above  low  water.    The  superstructure  girders  are  solid 
beams,  19^  feet  higlu  and  il  feet  wide  on  the  top  and  bottom 
nunnbers,  |)lacei]  13  feet  K  inclies  a[mrt  in  the  dear,  so  as  to 
L-arry  a  single  line  only.    The  interesting  fi-atures  of  the  Goimi 
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brulgc  art'  tu  be  found  in  tlie  methods  employe*!  in  its  erection, 
both  in  Kinking  i\w  pier  cvliniJers,  and  in  the  empldt^etneiit  of 
tin?  ^lirxler  *uj)ersti'uctiire. 

The  trvuLliertiiis  nature  of  tlie  river-Led,  and  the  depth  and 
itrengtli  of  the  current*  made  it  undej*iral>le  to  attempt  the 
work  of  sinking  tlie  eylitiderB  bv  the  aid  of  temporary  fixed 
staginj^  A  jMiir  of  flot»ting  pontoons,  each  l-W)  feet  long  by 
30  feet  wide,  joined  togetlier  by  a  platform  17  feet  in  width, 
containing  the  necessary  opening  for  the  two  cylindersj  were 
tlierefore  provided.  The  pontoini)s  were  furnished  Avith  j>ower- 
ful  i»verftejnl  travelling  cranes,  engine  power,  and  all  the 
neces&ary  gi'ar  for  manijndating  the  heavy  weiglits  that  vi-ould 
have  to  be  dealt  with,  and  were  hecurely  anchored  into  posi- 
tion at  tlie  site  of  each  jner.  Tliree  lower  rings  of  cylinder,  in 
all  lii  feet  6  iiK'hes  in  height^  and  weighing  30  tonsj  were 
erected  on  timbers  placed  across  the  opening  in  the  pontoon 
platform,  and  a  temporary  water-tight  bottom  of  pine  staves 
wiu  inserted  at  some  lUstance  above  the  lower  edge.  An  inner 
lining  of  brickwork,  supported  on  the  projecting  ring  flanges 
also  commenced.  The  depth  of  water  hi  the  river  wa.i  too 
great  t«  idlow  a  Mdfieient  length  of  cylinder  to  be  slung  and 
li^wered  so  as  to  reach  the  river-bed  in  one  operation,  hence 
I  he  necessity  of  tlie  temporary  bottom  to  render  the  tnlw 
Iniovant  and  sclf-Mipporting,  Three  lower  rings  were  fiu*tpended 
juid  lowered  into  the  water,  aiid  the  ttu'kle  to  be  vised  for  con- 
trolling and  rtiijnsting  the  position  of  the  cylinder  in  going 
dovrn,  waw  fitted.  Suceessivf  rings  were  then  latlted  on,  and 
the  internal  lining  of  brickwork  was  continued,  adding  weight 
until  the  cylinder  was  Mink  into,  and  was  steadily  bn<jyed  up 
hy  tlic  water,  so  that  it  could  now  be  freed  from  the  Mjs|>end- 
ing  chains.  By  miding  fresh  ringi^^  and  building  additional 
brick  lining,  the  process  wtxs  continued  until  the  hotloni  of  the 
river  wjis  rciuhcd,  when  llic  interior  of  the  cylinder  was  fdled 
with  water.  The  temporary  water-tight  bottom  was  mjw 
tterwl  out,  iuni  the  cylirnler  wju  allowed  to  sink  into  the 
A  soil  of  the  river-l>ed  until  supported  l)y  it.  The  oj)erations 
for  pitching  the  pier  cylinders  were  carried  out  with  only  one 
juiftliap,  cauM-^l  by  a  cyclone  which  tH'curred  in  18(>9,  and  in 
ComCipience  of  which  the  Uiwrr  portions  of  two  cylinders  were 
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overthrown  and  submerged;  one  of  these  was,  liowever,  re- 
covered, but  the  other  was  permanently  lost,  and  had  to  be 
replaced. 

The  sinking  of  the  cylinders  through  tlie  alluvial  soil  of  the 
river-bed  to  the  requisite  depth,  was  effected  by  excavating  the 
earth  from  the  inside  of  the  cylinder  by  a  rotating  boring  tool 
9  feet  in  diameter,  consisting  of  a  disc  fitted  with  blades  and 
cutters.  The  boring-tool  was  slowly  revolved  by  a  compressed- 
air  engine  placed  above,  through  an  intermediate  vertical 
shaft,  formed  of  a  pipe  13  inches  in  diameter,  placed  inside 
another  line  of  piping  26  inches  outside  diameter ;  the  annular 
space  between  tlie  two  pipes  being  divided  into  a  series  of  ai> 
jackets,  making  a  hollow  working  shaft  of  great  strength,  and 
practically  self-supporting  in  water.    The  object  of  this  in- 
genious hollow  shaft  was  for  the  purpose  of  removing  the  earth 
by  a  strong  current  of  water  constantly  flowing  up  the  central 
pipe.    To  establish  this  current,  a  12-inch  syphon  pipe  was 
provided,  the  inner  leg  of  which  was  immersed  in  the  hollow 
boring  shaft,  and  the  outer  leg  into  the  water  in  the  river. 
The  air  was  exhausted  from  the  syphon  pipe,  and  being  re* 
placed  by  water,  a  blow  from  the  bottom  of  the  cylinder,  up 
the  shaft,  and  out  by  the  syphon,  was  at  once  set  in  motion; 
in  quantity  proportionate  to  that  discliarged  into  tlie  cylinder 
by  a  pair  of  13-incli  centrifugal  pumps.    The  soil  of  the  river 
bed,  loosened  and  churned  by  the  boring  head,  was  discharged 
together  with  the  water,  and  by  this  means  the  cylinder  was 
gradually  made  to  sink.   The  necessary  additions  to  the  length 
of  the  pipe-shaft  and  the  readjustment  of  tlie  syphon,  were 
made  from  time  to  time,  until  the  designed  depth  of  sinking 
was  reached.    Tlic  land  cylinders,  wliich  were  pitched  in  the 
dry  season,  were  sunk,  by  a  modification  of  the  same  method, 
through  about  120  feet  of  the  alluvial  soil  of  the  river-bed, 
the  necessary  water  being  supplied  by  pumping. 

The  cylinders  forming  the  piers  being  sunk,  and  finished  off 
at  the  requisite  height  of  60  feet  above  low  water,  the  first 
main  girders  of  the  superstructure  were  erected  and  riveted 
up  complete,  in  two  parallel  rows  on  the  embankment  of  the 
east  approach  to  the  bridge,  and  were  rolled  forward  into 
position  by  means  of  two  powerful  overhead  lorries,  from 
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wliidu  hy  the  aid  of  overhead  Hfliug  gear,  the  •^irtk-i'b  could 
be  suspended.  The  lurries  were  ftiriiished  witJi  flanged  wlieels 
t^i  run  tin  niils,  Uy  means  of  whk-li  tliey  could  be  inuved  ti» 
and  fro,  whilst  tlie  weiglit  was  off  them,  but  when  tlie  weight 
WAS  Hfltxi  and  suspirndedy  the  two  trollies  carrying  it  were 
move^i  forw/ird  on  series  of  3J  inch  iroii-lmr  rnlLrs,  each  10 
feel  long,  [duced  between  tlic  iron-shod  sills  of  the  lonita  and 
tlie  raiU,  The  fin*t  span  of  the  bridge  being  dry,  tlie  girders 
were  hnided  int(»  place  over  a  teiiiporary  staging  iK'twetn  the 
piers.  This  span  was  ciniipk'ted,  und  the  railway  v,t\^  laid  :it 
\U  proper  level  on  the  flooring  girders;  the  temporarv  line  on 
the  approach  embankment  being  at  the  same  time  reused  to 
the  UfCL's-sary  ht.*ight.  The  six  mnaiiiiiig  girder-spans  were 
then  ercctcd^aiid  had  to  be  launched  over  the  water ;  thiswa^ 
done  by  flouting  the  forward  end  of  the  girders  on  a  pontoon 
funiihhiH]  with  currying  shears  of  Ihe  necessary  height,  tlie 
Wfler  end  being  carried  by  the  lorrie«». 

The  pontoon  carrying  the  fiirward  part  of  the  load  wjw 
war|>ed  across  Ihf  stream  by  the  aid  of  suitable  tackle,  devistd 
fur  the  purpose,  niul  provision  was  idso  made  for  utljusting  and 
(itaiiifrtining  it  in  pi-i»pL*r  altgntuent  during  the  i>]»erjition.  In 
carrying  cmt  this  system  of  hiunching,  proviisioTi  luut  to  Ik* 
made  for  a  possible  cundderable  variatioti  in  the  water-level. 
To  me<*t  this  contingency,  the  lieight  of  the  supporting  sbeani 
carried  by  the  pontoon  wa.-^  made  ailjuhtable,  anti  it  was  further 
arranged  that  when  the  forward  end  of  tlie  girders  was  floated 
nvtT  the  jiicr  on  wldch  it  was  to  be  lamled,  the  amonut  of 
lowering  retpiirtMi  should  not  exceed  lii  inches,  and  this  degree 
ttf  lowering  was  etfcctetl  by  admitting  water  into  the  pontoon 
and  linking  it  to  tfic  retpiired  extent.  Numerous  prenuitiou!* 
vrere  also  netvjtsary  to  secure  a  suiHdeut  lateral  strength  and 
itAbilty  of  the  moving  girders  in  casv  of  high  winds,  which 
would  act  agnin.Ht  an  exposed  surface  of  ii4M  stpmre  feet,  and 
to  properly  distribute  the  weiglit  of  about  65  tons  lioriic  bv 
the  poutoou.  ThfM?  various  delicate  operations  connected 
with  ilic  launching  aiul  placing  of  the  main  girders  were 
impidly  and  hucceh^fully  carrii-d  uut  without  the  MnalleH 
mkhap. 

llje  first  pier  cylinder  wa*  put  into  the  water  in  Novenil)cr 
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1*S67 ;  and  the  whole  bridge  was  coniplctetl,  at  a  coat,  incluJ- 
mg  protrclion  works,  of  i^l-lK^iiTo,  by  tht  end  of  the  yvar 
1870,    The  average  time  occii|jied  in  Immt-hing  the  t^rtlm 
atToss  the  water-spans  was  about  one  hour,  and  the  wljolt' 
superstructure  of  the  seven  main  spans  was  erected  and  pineal 
in  position  in  seven  weeks  and  three  days. 

The  late  Oude  utid  Hohilkund  Guaranteed  Railway  ConipAm. 
whose  varioas  undertakings  were  tnkeii  over  by  the  Govcfn- 
ment  under  the  contniet  terms  in  1889,  constnieted  a  system  of 
bitmd-gauge  bncs  situated  almost  entirely  north  of  the  Ganges 
river*  and  opened  up  tlie  rich  tracts  of  country  in  Oiidh  anil 
Rohilknnd,  lying  between  Benares  on  the  east,  and  Saharaiipnr 
on  ttie  north-west.  The  company,  which  couimeuecd  optm- 
tions  in  a  somewhat  humble  manner,  as  the  'Indian  Branch 
Railway  Company,'  in  tlie  year  186-1  entered  upon  the  wn- 
Btruetion  of  a  short  branch  line  from  tlie  left  l}ank  of  tiie 
Ganges  opposite  Cawnpore  to  Liicknow,  a  distjincc  of  ^ 
miles,  and  subsequently,  tmder  its  old  or  new  title^  gradnallv 
extended  linos  of  rail  from  Lucknow  eastwards  to  Fvzahju! 
and  Benares,  and  north-westwards  throngh  Bareilly  and  Mom- 
dftbad  to  Saharanpur,  ultimately  developing,  with  branches,  ii 
system  miles  long.  From  tlic  isolated  position  of  these 
lines,  cut  off  entirely  from  the  Kast  Indian  and  other  railways 
south  of  the  Ganges,  the  company  was  &oon  eon8traine<l  to 
connect  itself  with  the  general  railway  system  of  India,  by 
throwing  bridges  over  the  sacred  river  of  tJie  Hindus,  and 
this  in  no  less  than  four  places,  Xo  other  railway  company 
has  as  yet  anywhere  bridged  this  river,  unless  the  East  Imhan 
Railway  Bridge  over  the  Hooghly  channel,  near  Calcutta— 
already  referred  to— is  considered  to  be  a  Ganges  bridge. 

Tlie  two  earliest  bridges  carried  over  the  (iuiigea  by  the 
Oiidh  and  Rohilkund  Railway  Company,  were  those  situated 
at  Cawnpore  and  Rajghat,  both  on  branclieSj  the  first  connect- 
ing Liieknow  with  Cawnpore ;  and  the  second  connecting  the 
upper  districts  of  Rohilkund  with  Aligarh  on  the  East  Indian 
Railway.  The  lirst  of  these  bridges,  viz.,  that  at  Cawnpore,  is 
feet  long,  and  consists  of  25  deck  girder-spans  (with  cart- 
road  below)  of  100  feet  each,  and  2  of  40  feet.  Tfie  girders 
are  carried  at  32  feet  above  the  lowest  water ;  and  the  piers 
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MX'  foimJetl  on  single  I8-fect  welU,  Runk  to  a  niaxitiiiitn  ileptli 
tif  65  f<.Tt  lielow  the  same  point,  into  the  sandy  river-bed. 
The  Hajghat  liricl^^,  which  is  ^40  feet  lon^,  has  deck- 
ftpans  nf  foet,  plaml  24J  feet  above  low-wattT,  and  single 
ISJ  feet  foundation  wells  sunk  5o  feet.  These  bridges  cost 
/IT-tJOO  an*i  i*79»S2(>  rc-spectivcly— the  latter  beinf;  one  of 
the  cheapest  structures  of  its  size  yet  made.  The  tliird  bridge 
over  the  Ganges  is  on  the  main-line  extension  of  the  milwav 

fcMoradaluul  to  Saharanpiir,  at  tialawali.  This  tine  and 
vely  recent  work^ — ^opened  early  in  tlie  year  1H87 — ^is 
2904  feet  lung,  and  has  11  clear  spans  of  iron  girders,  carrying 
the  rnadAiwrty  between  them,  of  feet  each,  or  2fi4  feet  centre 
to  centre  of  piers,  phiccd  40  feet  above  the  level  of  lowest 
water.  The  piers  are  carried  on  double  circular  wells  20  feet 
in  diameter,  sunk  to  a  depth  of  100  feet  below  low  water  in 

Rp  »and.  The  finished  eost  of  this  bridge  was  ^77,S71.^ 
kie  latest,  largest,  and  most  important  of  the  railway 
efgc-s  erected  by  the  Oudli  and  Rohilkund  Railway  Com- 
pany over  the  sacred  Ganges,  is  that  situated  immediately 
below  the  town  of  Benares,  called  the  *  DiiffVrin '  Bridge,  in 
honour  of  the  Earl  of  DufTerin,  during  whose  Vice-Royalty  it 
*ra*  constructed,  and  by  whom  it  was  officially  opened  in 
BcplemlRT  of  the  year  1887.  This  splendid  work  is  un- 
doubteilly  in  some  respects  the  most  perfect  specimen  of  rail- 
way bridge  engineering  in  India,  ami  a  short  description  of  it 
will  be  of  more  than  ordhiary  interest  The  following  account 
tif  the  Duffcrin  Bridge  is  chiefiy  drawn  from  olKcial  records, 
und  from  a  very  full  descriptive  pft[>er  on  its  conBtrnction  read 
bc-forc  the  Institution  of  Civil  Engineers  on  the  4th  March 

For  miuiy  yeare  after  the  Oudh  and  Rohilkund  Railway  Com- 
Muir  bad  wmiplctcd  its  line  north  of  the  Ganges  to  Benares, 
to  a  p)ini  tm  the  left  bank  of  tlie  river,  situated  opj>osite 
he  terminus  of  a  short  branch  of  the  East  Indian  Railway, 
their  main  line  at  Mogul  Serai,  a  cart  service  was  main* 


>  For  tne  eotx  of  lhc»c  and  oiher  RiUway  bridges  ftatetl  in  Tmliait  nipes,  bn 
kppcmilU  K. 

»  Fade  roL  d  A/rm.  Ptoc*  tnsiituit  tf  CirH  Fn^nrtru 
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tiiined  ttcross  the  intervening  fivlt  hy  means  of  a  teniporar^ 
britlgc  of  boats.    In  tlie  year  1879  it  was  detcnninetl  to  con 
nt'ft  the  two  syatt;iiis  of  lines  on  citlier  bank  by  a  periuaiicn 
briilgi;  over  Uic  formidable  channel  of  tlie  Gftngt\s  lyintj  be 
tween  them.    The  construction  of  the  bridgti  was  approved  b 
the  Secretary*  of  State  for  India  in  July  of  tiiat  and 
active  steps  wtre  at  once  taken  to  prepare  altetimtive  plans 
and  estimates  for  a  combined  railway  and  road  bridge,  on  th 
site  which  Imd  been  ulremly  selected  by  the  cliief  engineer  o 
tlie  company. 

The  engineers  had  to  decide  upon  the  most  suitable  nnil 
least  expensive  manner  of  throwing  a  railway  brid^te  over  s 
river  witli  abed  consisting  virtually  of  ])ure  sand  cxlending  to 
an  unknown  depth,  carrying;  a  dry  season  body  of  water  alxmt 
18tX)  ftct  wide  and  37  feet  in  maximum  dcptli,  and  Huble  to  a 
rise  of  50  feet  during  the  higliest  Hoods,  jit  which  times  the 
water,  overtopping  the  low  right  bank  of  the  river  by  som 
7  or  8  feet,  inundates  the  country  for  5  or  6  miles  inland. 
On  tlie  left-hand  side  the  river  biiuk  is  liigb,  and  is  not  liable 
to  be  overtopped.    During  the  gredter  part  of  the  <Jry  seaso" 
the  velocity  of  the  current  is  moderate;  but  during  high 
Hoodie  it  reaches  15  miles  an  hour,  and  the  sandy  bed  of  th 
river  is  then  sometime±i  ucoured  to  a  depth  of  over  M  fee 
giving  a  possible  depth  of  water  in  full  Hood  of  no  le?*  tba 
120  feet  in  all.    In  order  to  allow  ample  headway  for  the  fc 
passage  of  the  river  navigation,  it  was  decided  that  the  under 
side  of  any  structure  that  might  be  designed  should  not  Iw 
placed  at  a  lower  level  tlmn  75  feet  above  the  hi  west  water  in 
the  river — or  %5  feet  above  the  top  of  the  maximum  Hood». 
The  principal  points  which  the  engineers  had  first  to  detenniiie 
were  :  the  total  length  of  britige  waterway,  and  the  size  of  Ihc 
individual  spans ;  the  description  of  pier,  the  depth  of  foinida- 
tions  necessary— considered  in  reference  to  the  extreme  liuiit> 
of  scour — and  the  general  design  and  character  of  the  sujkt- 
strncture,  so  as  conveniently  to  utilise  the  bridge  both  for  tlte 
railway  and  for  ordinary  wheeled  tratlic,  and  further — the 
general  data  for  tlie  contemplated  work  being  settled — it  w 
necessary  to  decide  upon  tlie  most  ]jractical,  as  well  txs  tli 
most  economical  and  expeditious  methods  of  eoiutructioa^ 
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whctluT  i\s  re^Hvih  the  sinking  ami  faundin"  of  tin*  piei-Sj  or  for 
the  erection  of  the  superstructure, 

TIiL^se  initial  questioiifi  were,  aftt?r  full  investigation  niul  di^> 
cuHsinn  of  various  aUemativL'  proposes,  Hnally  settled  as  fol- 
lows : — The  total  open  water-way  of  the  bridge  was  fixed  at 
tVHYt  ft'ct,  made  up  of  soven  large  spans  of  356  feet  each, 
corrifd  over  the  deep  channel  of  the  river^  situated  towards  its 
left  find  pennanent  high  bank,  and  nine  extension  spans  of 
114  feet  eacli,  to  pass  over  the  raised  portion  of  the  river-be<l 
lying  lieyond  the  right  dry-season  bank.  It  vftxfi  dendetl  that 
the  piers  should  lie  ftjunded  on  single  elliptical  blocks  of  brick- 
work, pierced  with  tliree  excavating  chambers,  and  enclosed  in 
an  iron  shell  or  caisson  sunk  into  the  river-bed.  Moreover,  in 
eoniiideration  of  the  limits  of  scour  in  high  floods — so  far  as 
yrt  obsen'ed — it  whk  deemed  neeeffsary  that  the  foundation 
CttiiMons  and  hloekft  sliould  be  sunk  in  the  pure  sand  to  a  niini- 
Ibum  depth  of  l!^0  feet  Ijelow  low-water  level— that  is  to  say, 
to  feet  Hclow  tlie  onlinary  tlry-season  in  its  dce|x*!it 
part— but  that  this  ilepth  of  foundation  shouhl  be  increased, 
if  careful  soundings  taken  during  extreme  floods,  should  indi- 
cate in  tlie  course  of  operations^  that  the  bed  was  likely  to 
scour  to  a  greater  depth  than  -Sii  feet  below  the  deepest  dry- 
Miion  bed — or  70  feet  below  low- water- level* 

With  regjml  to  the  superstructure,  it  was  determined  to 
rmptoy  ginlers  constructed  entirely  of  steel,  this  being  at  the 
time  the  largest  projKised  application  of  steel  for  structural 
puq»ose!<.  The  larger  girder?;  were  designed  of  the  compound 
triangiduted  type,  iii>5i  feet  in  length,  and  35  feet  inches  in 
drpth  ;  the  smaller  girders  113  feet  8  inches  in  lengthy  by 
11  feet  ^\  inches  in  depth,  and  it  was  agreed  that  the  roadway 
Imth  for  rail  ami  f(»r  cart  fralfie  shtadd  be  carried  on  the  same 
1,  between  the  large  girders,  and  over  the  top  of  the  smaller 
cxtenMon  spans.  The  height  of  tlie  briilge  and  the  cit'plli  of 
the  main  girders  Iwing  so  great*  and  the  right  Iwuik  of  the 
river  being  mi  low,  it  was  not  considereti  et^onomically  prac- 
ticftble  to  arrange  a  scjiaratc  road  for  ordinary  wheeled  trafiic, 
it  became  necessary,  therefore,  lo  provide  u  metalled  road 
§evt  in  width — Hupported  ou  strong  buckled  plates,  on  the 
CBinr  lerel  as  the  raiK  to  l>e  used  for  such  Irafllc  in  the  intervals 
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between  the  pfuseage  of  trains,  and  to  place  footway*  for 
pedestrians  5  feet  wide,  carried  on  cantilevers  outaide  tlic  main 
girders. 

Several  ^cliemes  were  proposed  for  getting  the  hu^  tn&ui 
spana  of  girdorwork  into  position- — such  as  floating  thtm  into 
phice  by  the  aid  of  pontoons,  or  raising  them  frotti  near  the 
water  level  hy  hydraulic  lifts  simultaneously  with  the  building 
up  of  the  piers  themselves,  and  some  others.  All  these  plans- 
were,  however,  discardejj  as  in  one  manner  or  another  o|)en  Ut 
practical  objection  under  the  circumstances  of  the  river,  and 
the  girders  were  ultimately  built  up  in  plaec— in  spite  of  ttie 
deep  water  in  the  channel — on  very  cleverly  arranged  stagings 
of  full  height,  erected  on  the  river-bed  between  t!ie  piers. 

Practical  work  on  the  construction  of  the  bridge  commenced 
on  the  I9th  January  1881,  being  started  biniultaneou^ily  at  the 
two  abutments — phiced  3507  feet  3  incliei»a[>art — aiul  operations 
for  the  most  part  of  each  working  season  were  suhsefiuently 
carried  on  hy  night  as  well  as  by  day,  by  the  aid  of  powerful 
electric  lights.    As  a  preUminary,  it  was  necessary  tl»at  the  dis- 
tance Ijctween  the  two  abutments  of  the  bridge  &]iould  be  very 
exactly  measured.     This  measurement  was  effected  in  tlv 
following  manner:  first,  two  lines  parallel  with  the  centre  liu 
of  the  work  were  ranged,  each  85  feet  on  either  side  of  it,  ^ 
that  these  lines  being  always  clear  of  obstruction  during  th 
progress  of  the  work,  the  intermediate  meiisurcnients  could  I 
made  and  transferred  from  them.    To  ascertain  tlie  exact  total 
lengthj  the  portion  on  the  dry  l>ed  was  levelled^  and  the 
measurement  was  made  by  steel  tapes :  that  across  the  deep 
water  channel — a  distance  of  about  180(1  feet  at  low  water — war 
hrst  fixed  by  a  trigonometrical  triangulation,  and  then  by  a 
imc  steel  wire  stretched  across  the  channel,  over  pulleys  exactly 
20  feet  high  above  water  level.    The  wire  was  stmin<\t  hy 
weights  until  it  exactly  touched  the  water  surface  in  tlie  centre, 
and  Hxed  points  on  either  bank  were  then  plumbed  up  to  tba 
wire  and  marked  on  it  by  sohlet"  marks.    The  wire  was  now 
carried  on  shore,  and  being  fixed  and  strained  in  [jrecisely  th 
same  manner  over  a  truly  levelled  piece  of  ground,  the  cxa 
distance  could  then  be  directly  mejisured.    This  ineasuremeD 
was  found  to  be  within  an  inch  of  thai  trigonometrically  deter 
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laiacti.  Sub»iec|UiMitlv,  when  the  work  curried  on  from  dther 
eiiti  ut'tlie  briJ^  was  joined  near  the  middle  of  the  river,  aii 
error  of  a  little  over  J  an  inch  was  detected. 

On  the  Henares»  or  let't-haiiii  side  of  the  rivers  the  approach 
line  of  rftilivay  crosses  tlie  Rajghat  plateiiu,  where  in  former 
yenrs  there  had  lieen  a  strongly  fortified  post,  to  conrnuind  the 
river^  crossing  from  the  Grand  Trunk  road.  *  Traditioiwi.s*iigus 
to  this  naturally  very  strong  position  a  great  antiquity^  and 
pjintx  to  it  lis  bein^j  the  site  of  the  stronghold  of  the  ancient 
rulent  of  the  onee  mighty  kingdom  of  Benares,  which  is  said  to 
have  extended  from  the  borders  of  **^Chin"  (Thibet)  to  Malwa, 
ami  from  the  sea  to  within  ten  days' journey  of  Lahore.'  The 
British  fiii  tifii'd  post  on  the  plateau  was  abandoned  in  the  year 
mil 

The  piers  of  tlie  Duft'erin  Bridge,  carrying  the  large  iJ5(J  fcft 
fprder  bpan.s  were  ftiiinded  on  single  elliptical  wells  65  feet 
lung,  and  2H  feet  wide.  The  iron  foundation-caissotis  varied 
in  height  to  suit  tlie  depth  of  water  through  which  tliey  liftd 
Ui  \k'  Slink,  the  largest  w^is  50  feet  high,  others  being  4^  feet 
and  Uii  feet  respectively ;  they  were  constructed  of  iron  platca 

inch  and  J  inch  thick,  with  inner  and  outer  shelU  ii  feet 
^Kpart,  connected  togetlier  by  hori/ontal  and  cross  Imuings. 
From  the  base  nf  the  outer  allelic  the  inner  shell  inelinett  at  an 
angle  of  45  degree:^,  up  to  a  height  of  6  feet^  thus  forming  a 
strong  cutting  edge  whicli  w^^s  further  strcngtliened  hy  a  Ciist- 
att'cl  &h*x\  The  interior  wedge-sbajXHl  spice  thus  funned  at 
the  bottom,  between  the  two  shells*  wjis  at  first  filled  in  with 
cement  concrete,  but  it  wjis  afterwards  found  jireferable  to  use 
pure  aanil  only.  The  c-ais^^ons  were  divided  into  three  internal 
excavating  cliambers,  by  double  cross  walls  also  furni»hed  with 
tApered  cutting  ei!ges»  situated  about  6  feet  alKivc  the  base  of 
tbe  caiadon.  On  the  top  of  the  caissons,  midway  between  the 
inner  and  outer  shells,  an  iron  crating  of  angle  Imrs,  well  tietf 
togetlier,  waa  framed,  which  served  to  strongly  bind  together 
the  brickwork  of  the  foundation  block*  and  the  upper  brick- 
work of  the  pier.  The  system  a4l(»ptcil  in  sinking  through  the 
water  was  briefly  as  followsi.  The  first  10  ft»et  of  Ihr  caisstm 
having  l>ceu  built  on  a  tempfirarv  platform,  between  a  pair  of 
inm  floating  (wmtiKms  coupled  togetlier  at  a  distance  of  32  feet 
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ajmrt,  and  stroii^l^  moiirctl  into  position,  wen?  lowered  hy  chain 
sliiigs  into  tlie  water  by  the  aid  of  powerful  tftckle.  Additional 
sections  were  added  to  the  top  of  the  caisson,  and  it  was  g^radu- 
ally  lowered  ;  the  weight  bein^j  au«;mented  by  the  concrete  and 
brick  linings^  lititil  the  lower  cutting  edge  reached,  and  was 
adjusted  in  its  true  position  on  the  river-bed.  The  suspendin*; 
chains  were  then  released,  the  interior  brickwork  was  brought 
up  to  a  height  of  about  twelve  feet  above  water-level,  and  the 
pier  was  now^  ready  for  sinking.  The  sinking  through  the  river 
lad  waa  effected  by  mechanical  diggers  8  feet  in  iliamcter, 
working  in  the  three  excavating  chambers.  Each  digger 
weighed  3J  tons  w*hen  empty,  and  contained  160  cubic  feet  of 
material  when  full,  then  weighing  about  (j  tons  more.  Tliey 
were  worked  by  steam  travellers  carried  on  an  overFiead  staging 
57  feet  in  height  erected  on  the  ])ontoons,  each  ca^Miblc  of 
lifting  SO  tons.  The  material  lifted  by  tlie  diggers  was 
deposited  into  shoots  at  the  side  of  the  pontoons,  and  dis- 
charged into  tlie  river.  By  tliis  means  rather  under  one  foot, 
or  at  the  rate  of  143  feet  ])er  day  whilst  tlie  diggers  were  in 
action,  of  sinking  was  effected  ;  the  elliptical  pier  blocks  heinj^ 
sunk  at  tliftt  average  rate  per  working  day. 

Tlie  foundiitions  of  the  seven  piers  for  the  main  spam  were 
carried  down  to  varying  depths  below  the  water-level.  The 
first  three  on  the  left  bank  of  the  river  were  vSecnred  into  a  bed 
of  firm  yellow  clay  at  a  moderate  depth,  hut  piers  Nos.  4  and 
5 — tbe  first  of  which  has  the  deepest  foundation  in  the  world 
— were  forced  down  through  sand  to  the  great  depth  of  HI 
and  140  feet  below  low  water,  or  about  104-  feet  below  the 
deepest  dry-season  bctl;  these  piers  being  thus  no  less  than  2L5 
fcft  in  hei^jlit  from  the  bottom  of  their  foundation  to  the 
underside  of  the  girdci's.  During  the  operation  of  sinking  the 
piers,  many  intensling  and  curious  objects:  ancient  relics,  a" 
well  as  animal  remains,  were  met  with,  which  wen*  can'fuU 
collected  and  preserved,  the  position  and  actual  depth  at  whiclr 
each  article  was  fotnid  having  been  precisely  reioriicil. 

Tht-  work  at  No.  4  pier  was  seriously  hampered  by  at 
accident  (the  only  serious  one  which  occurred  during  the  pi 
gresH  of  the  works)  wliich  might  have  entailetl  an  cnforc 
modification  of  the  bridge  superstructure.    The  lower  cuttin 
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eiigc  uf  llif  iroti  caisson, — wtiich  in  this  case  was  feet  in 
height — had  readied  a  thin  Ijctl  of  clay  situated  about  50 
feet  l>elow  the  river-betl,  or  TOJ  feet  below  low  w.iter,  and 
the  masonry  had  been  built  to  a  height  of  91  feet,  so  as  to 
add  OS  much  weight  as  possible.  The  diggers  bad  excavated 
holes  intd  the  flay,  al>4>ut  9  feet  below  the  lower  edge  of  the 
caibsoii,  when  a  consitlentble  portion  of  the  side  of  the  hollow 
excavation  suddenly  fell  in,  displacing  a  large  volume  of  water, 
which  was  consetjitently  forced  upwards  throug!i  the  excavating 
chambers,  and  overflowed  the  top  of  the  brickwork,  The 
suddeti  and  violent  pressure  of  the  water  burst  the  sides  of  the 

I  pier  masonry,  which,  being  new,  and  tlie  mortar  not  having  pro- 
jierly  set,  wa*;  fractured  in  two  lines  from  the  top  down  to  within 
a  few  feet  of  the  top  of  the  caisson.  As  the  rainy  season  was 
then  rlost*  at  hand,  nothing  coidd  be  immediately  done,  and  it 
wa«  at  first  feared  tlnit  an  ahnoj^t  irremediable  disaster  had 
occurred.  As  soon,  however,  as  the  floods  had  subsided,  it  wjis 
found  that  the  fractured  portion  of  the  brickwork,  6^2  feet 
in  tieight,  46  feet  in  width,  and  extending  21  feet  below  Ihc 
river-beil,  hn.d  fallen  away,  and  thus  the  difficult  operation  of 

J  it*  rcmovftl  by  explosives  or  other  means,  was  obviated.  To 
remedy  tfiis  serious  injury  to  the  pier,  the  engineer  in  charge 
of  tlie  work,  witli  ready  resource,  deviseil  a  double  wrought-iron 
fthirld  of  exact  si/,e  and  fiha|ie  to  enclose  the  ga]».  This  shield 
wa.*  rapidly  constructed  at  the  site  of  tlie  works,  and  was 
sunk  through  the  bed  of  the  river,  down  to  the  Imse  of  the 
fractnrtv  by  means  uf  drwlgers  working  within  it ;  and  when 
the  broken  surfaces  of  the  brickwork  had  been  trimmed  and 
cleaned,  and  the  sldeld  was  correctly  fitted  into  place,  Uie 
interior  space  was  filled  in  with  cement  concrete,  and  the  top 
of  the  patcli  was  strongly  bonded  with  iron  rails  into  the  old 
work.  Uy  th IK  ingenious  and  thoroughly  Buccesfifnl  expedient 
thtf  pier  WAS  remlered  virtually  as  strong  as  ever,  and  the 
whole  was  aflerwards  simk  70A  feet  deeper  than  it  was  at  the 
time  of  the  accident. 

When  each  pier  had  Ijecn  sunk  to  its  proper  depth^  the 
three  excavating  chambers  were  filled  in  solid  with  concrete, 
and  pluggvd  at  the  top  with  bnekwork.  The  foundation 
miMOniy  w«j  built  up  to  a  few  feet  above  low  water*  atid  wa» 
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fiiiishfd  oW  with  a  rough  fitunc  plinth,  an  which,  on  a  slighUy 
Mmaller  aectioiial  pku,  tho  upper  pier  work  wa»  built  up  in 
solid  bnt:kwork  to  the  necessiiry  hiMjtjht  of  TiiJ  ^^^^  alxjve  low 
water  level,  each  pter  iK'iiig  Hnished  oli' with  a  handbonic  ter- 
minal cornice. 

The  nine  smaller  piers  for  the  extension  spans  were  founded 
on  two  12J-feet  wellsj  with  iron  eurlis,  pitehed  25  feet  a]>art  from 
centre  to  centre,  aunk  from  67  to  157  feet  below  ground-love! 
by  means  of  dredgers.  At  5  feet  above  low-water  levi'l  the 
two  wells  were  connected  by  a  corbelled  arch,  and  the  liolid 
piers  were  then  erected  on  tlie  top.  These  piers  are  ?35  feet 
long,  and  10  feet  wide,  with  paraUel  sides  attd  Hetnicireular 
eiuU.  Tlie  total  quantity  of  brickwork  in  the  Duiferin  Bridgr 
i&  l,S76,ii81}  cubic  feet,  or  6i),49ii  cubic  y*ii*ds,  luid  the  coat  of 
the  main  piers  was  Rs.  7,57j988»  or  an  avera;<e  of  Rs.  l,08v^^ 
per  pier,  sunk  to  an  average  depth  of  lOiiJ  feet  bt  low  low  water, 

Tlie  main  giriJers  of  the  bridge  were  erected  in  plac*  wi  a 
staging  and  platform  formed  by  utilising  the  11  ^-fei-t-span 
girders  afterwards  used  in  the  extension  spans.  Three  pairx  uf 
tliese  girders  were  supported  iti  each  larger  »pan  on  two  inter- 
mediate temporary  piei's,  formed  by  clusters  of  twelve  6-inch 
solid  iron  screw  piles,  pitched  10  feet  apart,  wl'U  bniced 
together^  and  connected  at  the  top  by  steel-plate  ^rdcrs ;  thu 
extension  girders  intended  to  carry  the  wcigljt  of  the  main 
spans  in  course  of  erection  being  temporarily  ntnitted  and 
strengthened  to  the  necessary  extent.  Some  dilHcnity  occurred 
in  erecting  the  temporary  piers  in  the  deep-water  tipans,  when* 
the  screw  piles  had  to  be  fixed  in  65  feet  of  water,  Artiiicial 
mounds  or  inlands  of  sand,  supported  by  walls  of  siuid-bags* 
were  here  formed  to  give  lateral  support  to  the  lower  portion 
of  the  piling,  and  the  temporary  structures  were  stiffened  by 
steel-wire  guys  or  ropes,  secured  to  anchors  up  and  down 
stream.  The  main  girders  were  erected,  piece  by  piece,  by  tlie 
aid  of  travelling  gantrys  or  overhead  cranes,  carried  by  the 
staging ;  they  were  set  to  a  cambtT,  or  rise  in  the  centre,  of  9 
inches,  which  was  retluced  to  6  inches  on  the  supports  being 
removed,  and  to  4  J  inches  under  the  full  lojul  of  the  roadway. 

The  riveting  together  of  the  stecl-W4>rk  of  the  huge  girder* 
wa*  atmn?>t  entirely  done  by  hydraulic  riveters,  ami  *w  the  inniu. 
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spans  were  successively  completed  and  the  temporary  staging 
was  no  longer  required,  the  114-feet  girders  were  removed  by 
the  pontoons,  and  carried  to  shore,  where  they  were  then  com- 
pleted, and  lifted  bodily  into  their  final  place  by  derricks.  The 
weight  of  a  pair  of  main  girders  is  491  tons,  and  that  of  a  main 
span  complete  is  746  tons,  or  tons  of  steel-work  in  the 
seven  larger  spans  of  the  bridge.  The  extension  spans  weigh 
127  tons  each,  or  1143  tons  in  the  nine  spans,  making  6365 
tons  in  the  whole  bridge.  The  cost  of  the  steel  superstructure 
of  the  bridge  complete,  with  road  metalling  and  permanent 
way,  is  given  as  Rs.  S5,18,695,  and  the  total  cost  of  the  whole 
work  as  Rs.  48,91,151,  exclusive  of  the  railway  and  road 
approaches. 

On  both  abutments  of  the  Dufferin  Bridge  block-houses 
have  been  built,  to  contain  troops  for  the  military  defence  of 
the  structure.  Construction  work  on  the  bridge  was  commenced 
in  January  of  the  year  1881.  On  the  24th  September  1887 
the  completed  girder-work  was  tested  with  excellent  results,  by 
a  train,  consisting  of  two  engines,  each  weighing  88  tons, 
placed  in  the  centre,  and  loaded  ballast  wagons  weighing  15 
tons  each,  on  each  side,  sufficient  to  cover  one  entire  span  of 
the  bridge.  The  total  weight  of  the  testing  train  was  9% 
tons.  The  bridge  was  formally  opened  for  traffic  on  the  16th 
December  of  the  same  year,  by  His  Excellency  the  Viceroy, 
the  Earl  of  Dufferin. 

The  accompanying  illustration,  from  a  photograph  taken 
during  construction,  will  give  an  idea  of  this  remarkably  fine 
example  of  railway-bridge  engineering. 
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The  Nurlh-wi  Listen)  Knilway  system — Omiine  of  &4>nie  of  ihc  im)MTtint  hriitgiri 
— DcUilnl  tlc*crii>iion  of  liriUge  over  ihc  lr;du»  at  Atlock^-FIwd-tise  of 
the  riwcr— 'Liability  of  the  districl  to  carliiquakes"— The  briflge  site — The 
dcsifin  of  Ihc  bridgt: — Cjclting  in  the  frtunrlaTion* — Kft-tlion  of  ihe  |>icr 
colunsn%— TIk'  Icirnwniry  singings  forgirilcn — Kiectton  <itihv  m*m  girden — 
Campklion  ami  Icaling.yf  the  briHge— Tbe  Lansdowne  brKt^eovrrtlic  tndas 
at  Sukkut— Site  Jindl  dnign  of  the  bridge— The  omtilcveis— Foumlalioii  of 
AliutRicnts — The  vcitical  pillar* — The  main  lircliticil  sUuls.,  and  Ih^fi/whtitl 
tit'»  — Kirbt  cr«cli*»n  of  ihc  slc-cl-work  in  England  — Dttailcd  description  of 
ilxc  cTL-cticm  of  tlie  bridge  al  Sukkur— Tcmj^eraturc:— OHftcuU  selling  mit — 
Budding  (be  Mruts  ond  horiiontfll  tics — Comj>ktian  of  (he  tandlcvcr  fiaine- 
woik— Biiiigiiig  the  c«uual  gap— SMS|«Ddcd  (tat^ineemploycd-'Cocnplctioti 
of  tKc  work. 

The  '  Norbh-wtiiteni  Hjiilvav '  (}f  Itulia  is  a  nic^nilicent 
»)>torii  of  .5  f^Kit  (I  indi  ^^au*^^  lints  ^ituiiUd  f*>r  Hu'  mast  |»art 
ill  the  Punjab,  SntnU\  nm\  iUv  frontier  districts 
witli  niinuTOUs  bmnclies,  a  total  length  of  nearly  Si-RH)  miles, 
llie  av*li"in  ijlr^Ulii.*;  fnm)  DlIIii  to  Laliore  jiihI  IVslmwur; 
from  I-tihore  to  Karachi,  Qiietta,  nnd  to  tlif  Isorders  of 
Afglianiatnii.  A  ctnisiticrahk-  portion  of  the  present  North- 
wotftn  Itnilwav  was*  oonstructtHl  ami  ivorkotl  for  iimriv  vcars 
by  Lbe  lale  Sciiiile,  Piutjuli,  atiil  DclJii  IttiiUav  (liuaraiit^'d) 
Conipuiv,  which  cninini'iicetl  oporations  aa  earh'  as  the  year 
,  hut  tilt'  i;rcattT  jiortioii  of  the  systi'iii  Iww  Ixni  con&tructcti 
various  tiuK*s  hy  Jiroi't  (iovornment  agency — iii  griat  measure 
as  frontitT  iniliUiry  rnilwayj*.  In  tlit*  L<imr»e  of  llitir  construc- 
tion Ihf  railways  have  heeii  c/irrieti  over  tlic  wliole  of  the  grt^nt 
fuiijali  rivers — most  of  Iheni,  the  Iniliis,  llie  Sutlej^  the 
ClM*fiAb,  and  the  .Ihiluin,  having  been  hridgetl  In  two  places. 
Tl  Mil  niiiiii  |Miitiiu]ars  of  the  chief  of  these  ittructure« 

uii  ;iui  ik'tjiilisj  ill  Appendix  K* 
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Excluding  the  two  bridges  over  the  Indus,  some  of  the  more 
remarkaUe  of  these  works  are  the  *  Empress^  bridge  over  the 
Sutlej  at  Adamwahan,  consisting  of  sixteen  spans  of  250  feet 
each,  4S10  feet  in  total  length,  with  foundations  carried  103 
feet  below  low  water,  costing  over  71  lakhs  of  rupees.  The 
'  Sher  Shah  bridge  over  the  Chenab,  consisting  of  17  spans,  d 
£00  feet  each,  3650  feet  in  total  length,  witb  foundaticm-weUs 
carried  75  feet  below  low  water,  costing  over  98  lakhs.  The 

*  Alexandra  ^  bridge  over  the  same  river,  consisting  of  64  spans, 
of  133|  feet  each,  9068  feet,  or  over  If  miles  long,  with  founda- 
tions 75  feet  below  low  water,  costing  over  56  lakhs.  The 

*  Victoria'  bridge  over  the  Jhilum  at  Chak  Nitam— opwied  in 
1887 — consisting  of  17  spans  of  steel  girders,  of  150  feet  each, 
2720  feet  long,  with  foundations  82  feet  below  low  water,  cost- 
ing nearly  19^  lakhs.  The  *  Kaiser-i-Hind  ^  bridge  over  the 
Sutlej,  near  Ferozepore — opened  also  in  1887— consisting  of 
27  spans,  of  144|  feet  each,  of  new  pattern  steel  girders,  carried 
on  brick  piers  26J  feet  by  14^  feet,  built  on  wells  23  feet  in 
diameter.  The  bridge  is  4293  feet  long,  with  foundations  78 
feet  below  low  water,  and  cost  over  41  lakhs  of  rupees.  Each 
of  these  works,  from  the  various  character  of  the  great  rivers 
crossed,  presents  features  of  the  highest  engineering  and  general 
interest,  but  the  space  at  command  will  only  permit  the  above 
cursory  notice. 

It  is  necessary,  however,  to  furnish  a  more  detailed  sketch  of 
two  very  remarkable  structures,  either  of  which — as  indeed  will 
many  of  those  omitted — compares  favourably  with  similar 
erections  in  any  part  of  the  world.  The  works  to  which  we 
refer  are,  the  railway  bridges  over  the  Indus  at  Attock,  and 
over  a  lower  reach  of  the  same  river  at  Sukkur,  the  last  of 
these  bridges,  as  r^ards  magnitude  of  clear  rigid  span,  was  for 
some  time  the  largest  in  the  world,  and  has  since  only  in  one 
instance  been  surpassed.  The  railway  bridge  at  Attock  carries 
a  section  of  the  North-western  Railway  running  from  Lahore  to 
Peshawur  (near  the  north-west  frontier),  and  also  the  Grand 
Trunk  Road,  over  the  Indus  river.  This  section  of  line  was 
originally  constructed  for  purely  military  purposes ;  it  was 
completed  as  far  as  the  Indus  at  the  end  of  the  year  1880,  and 
beyond  that  river  to  Peshawur  early  in  1882,  but  the  magni- 
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t  l>ritl^'  over  the  river,  together  with  the  heavy  culHngs 
and  tunnels  on  the  approaches,  wero  not  opened  until  the  24th 

May  inm, 

L^^hove  the  site  of  the  bridge  at  Attock  the  Indus  drains  an 
^Hh  estimated  ns  equal  to  that  of  Great  Britain  and  Ireland, 
'viz,,  1JJ0,(K)0  Hquare  mili?a,    JlLsing  in  the  elevated  regions  of  an 
iinexplore<]  portion  of  the  Hinialayaii  rantje  of  mountains,  out- 
hide  IJritish  territory,  the  exact  length  of  the  rivL*r  is  unknowiu 
but  18  takt^n  to  lie  upwards  of  9(>0  miles.    Leaving  the  monn- 
tain  rangeji  nhout  30  miles  ahove  Attock,  the  river  traversei*  a 
plain  country  in  a  broad  shallow  bed,  rcadiing  2  miles  in 
width  ;  hut  before  arriving  at  Atlook,  and  for  some  dist&nce 
Kouth  of  tliat  jilace,  ita  ehannel  is  contracteil  by  ranges  of  nwky 
hilU,  through  which  it  winds  in  deep  goi^^  for  a  distance 
of  nhoiit  ?K)  miles,  with  a  cold-season  water  surface  ranging 
:iOO  to  about  1200  feet  wide.    The  volume  of  water  is 
^^klly  at  its  lowest  during  the  winter  months,  from  Nnvem1>er 
^^Biarch,  and  at  this  time  in  its  nioKt  contracted  jmrts  the 
^Bt  carries  a  maximum  depth  of  water  of  about  30  ft^h 
^Bthe  hot  »ea£on  advances,  the  melting  of  the  Himalayan 
iihnwK  causes  the  water  to  rise  an  additional  20  feet  or  so  by 
end  of  May.    The  highest  floods  commonly  occur  during 
monsoon  monthsj  when  the  rise  of  water  at  Attock  reaches 
Ta  much  as  70-feet  above  low-water  level.    The  nver  is  also 
M|^cH*t  to  excef^tional  Hoods  of  almost  unlimited  volume  and 
caused  by  tand^bps  or  heavy  accumulations  of  ice,  blocking 
^ne  cnnrse  of  its  moniitairt  tributaries.    Immense  (luantities  of 
water  impounded  by  tlie  barriers  thus  formed  are  occasionally 
suddenly  released,  creating  violent  and  unexpected  floods  in 
the  main  river.    t\  flood  known  to  have  been  due  to  tem|Mirttry 

Kmding  of  the  water  occurred  in  February  1858,  when  the 
rose  70  feet  at  Attwk,  and  it  is  proluible  that  the  great 
eif  1H41,  »i\k\  to  have  risen  over  100  feet  above  low  water 

»Uie  same  place+  had  a  similar  origin, 
pie  Attock  railway  bridge  presents  an  example  of  a  design 
cially  modifiiHl  and  adapted  to  meet  |HX.'uliur  and  tuiusual 
Janl  n>ndilii>nit.    It  was  neeeBsary  to  t^ike  into  convidcrntion 
pMsiblc  rc-occurrenee  of  abnomial  floocU,  such  as  those 
wlrd  above,  and  it  was  accordingly  determineil  to  place  the 
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Ixibtum  of  the  gircti-i-s  wdl  above  the  lew!  of  the  great  flood 
184:1^  or  at  a  height  of  111  feet  above  low  water  in  the  ri» 
at  the  point  of  rmssiii*r.  The  ilisLrict  of  Attoek  is,  moreover 
Ikblc  to  the  contingency  of  earthquakes,  slight  sliocks  be'm^  o 
frequLnit  oecurrence,  with  a  direetion  of  seismie  wave  generalljr 
east  and  west.  To  meet  this  source  of  danger  it  was  con&itienil 
mivisjihle  tij  cmplov  a  nitire  yielding  itiiil  elastic  materi^iJ  tJiau 
stone  or  brick  for  the  piers  of  the  bridge,  and  to  su1>stitute  aij 
open  vvroiight-irou  frame-work.  The  wibdoiii  of  this  decision 
was  fully  confirmed  even  during  the  construction  of  the  work, 
for,  on  the  31st  March  18SJi^  a  slinrper  earthquake  shock  Uvan 
u^ual  occurred,  when  it  was  found  that  the  girders  of  the  (intt 
span  had  moved  forwards  and  lutckwards  on  tlic  pier  over  one 
inch,  and  the  movement  was  probably  much  greater  on  tin- 
higher  piei's  in  the  centre  of  the  river  where  it  could  not  W 
measured.  The  expansion  rollers  placed  ntidcr  tlie  ends  of  tlie 
girders  permitted  this  degree  of  movement  without  causing 
any  appreciable  strain^  hut  had  not  these  been  in  perfect  working 
order  a  considerable  stress  woulil  have  been  thrown  on  the 
piers.  In  the  design  of  the  bridge,  ]irovii»ion  had  aL*o  to  br 
made  for  carrying  the  Grand  Trunk  Itoad  as  well  as  the  rail- 
way. The  twti  roiuU  are  carried  at  different  IcvcU,  tlie  raiU 
above,  and  the  cart,  or  military  road  below,  between  tlu 
main  girders. 

The  site  selected  for  the  Attock  bridge  was  at  a  yH>int  in 
tlie  narrow  gorge  aituatcfl  aliout  two  mile»  below  the  old  Sikli 
Fort,  which  for  man}^  centuries  guarded  the  crossing  on  this 
part  of  the  Indus,  At  the  bridge  crossing  the  widtli  of  tlif 
cold-weatlicr  water  surface  is  barely  600  feet»  luid  the  river  u 
divided  into  two  nearly  equal  chamiels  by  a  central  rockr 
slioah  Owing  to  the  contractetl  section  of  the  (uisKage,  and 
the  consequent  great  velocity  of  the  current,  as  well  as  from 
the  prevalence  of  high  winds  which  sweep  through  the  gofgr, 
the  roeky  surface  of  the  valley  within  tlie  limits  of  the  higlii^t 
rioods  is  cverwherc  swept  perfectly  clean  and  baiv.  Ilif 
channel  on  the  east  or  left  hank  of  the  river  carries  t-lie  deepest 
and  swiftest  stream,  and  here  the  surface  of  the  rock  belo* 
water  is  also  clean,  but  the  right  channel,  having  a  inurr 
moclerate  current,  has  a  sandv  bed  ovcrlviuff  the  rock. 
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^^*lie  de«igri  finally  luloptcd  for  Uie  bridge  was  jis  follows  r — 
0|>eningA  are  five  iti  number,  the  fin^t  two  spans  tLve 
BWT  foct  eatli  ill  the  t'lear»  tlie  tliird  and  fourtli  spaiis^  which 
^a^^  l\w  ^K-rmanent  wattT  clmnnel  of  tltc^  river,  are  aich  308 
^Hb  in  clear  width,  and  th^  fifth  or  last  span,  on  the  we^t  side^ 
^BniiUr  to  tlie  first  and  second.    There  are  thus  tfiree  spans 
HTS^jT  feet  and  two  of  i^S  feet,  and  the  total  Uiigtli  of  the 
bridge  ia  1655  feet  over  nil.    The  girders  are  carried  at  a 
height  of  111  fi^t  above  the  lowest  water*  tlie  rails  bein^ 
placed  at  nearly  141  feet  above  the  same  level.     The  four 
piers  are  each  formed  of  8  wronght-iron  eoLuttins  or  standards 
eoiuiected  by  h«n/oi>tal  and  diagonal  cross-braciugh  at  intervals 
^£i2^  fivt  of  vertical  height     Tlie  four  central  columns  fonn 
^HKrtangle,  19  feet  by  14  feet  at  the  top,  and  are  only 
WBghMv  inclined  downwanls,  wlnlst  the  two  up  and  two  down 

tani  columns,  joining  the  main  standards  in  the  iip^jcr  tier, 
widely  spread  out  so  as  to  act  as  struts  to  prevent  over- 
ling, bearinij,  however,  their  due  proportion  of  the  load. 
Kach  column  iir  standard  is  feet  squnre  in  section,  and  ift 
built  up  of  wide  angle  Imrs  at  the  cornern,  joined  together  by 
)-incli  iron  plates.    On  two  sides  tlie  plates  are  not  continuous, 

«t  spaces  arc  left  at  rejjrular  intervak,  the  object  being  to 
bit  entrajiee  into  the  interior  of  the  columns  for  the  pur- 
t  of  riveting,  and  for  subsequent  repainting  of  the  iron- 
*ork.  On  the  summit  level  tlie  four  main  columns  an- secured 
tiigi'ther  by  a  cross  framing  of  girders  forming  a  platfurni  on 
which  flu'  main  gilders  of  the  bridge  are  carried. 

ITbr  main  girdei>,  wliich  are  S6|  feet  deep,  i3  feet  ^  inchcfi 
If  on  the  booms,  and  are  spaced  18  feet  apart  from  centre 
rentre,  are  constructed  of  steel,  lieing  calculated  to  liear  a 
iking  strain  of  (U  tons  on  tlie  scjuare  inch.    The  gcnt-ral 
Bct  of  the  completed  bridge^  witli  surroundings,  is  pic- 
t*t]Ucly  coH\cvctl  by  the  accompanying  engraving,  n*prn- 
reil  by  |)ci*mifEsion  from  Ert^httTrin^  of  Noveudier  14th, 
The  following  outline  account  of  the  methods  of  cou- 
rtion  emplovetl  in  the  erection  of  tlie  Attwk  Bridge  is 
?viiitfil  from  a  descriptive  article  on  that  work,  published 
roL  xxxviii.  of  Kttgitifrrin^\  Numliers  ilated  November 
I,  and  I)eceml)er  152th  and  126tlu  1^84, 

9.  u 
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By  the  adoption  of  308-feet  spans  for  the  two  main  opfniiig* 
of  the  briil^e  over  the  permanent  watcr-diannel  all  diflirulty 
with  rogarU  to  thf  fnundntfona  of  tlic  iron  pit'rs,  except  in  tlnf 
cHse  of  L>ne,  viz.  Ncn  tJ,  situated  on  tlie  rocky  shoiU  in  tW 
centre  of  tJje  cokl-weathcr  streanu  was  avoided.  The  surfuct 
of  tlie  rotk  below  water  at  the  site  of  the  central  pier,  exposM^tt 
to  tiie  full  furt-V  of  a  stron*:^  current,  wix^  hare,  e\ee])t  as  rcj^artl* 
the  fine  micaceous  sand  lod**ed  in  the  crevasses  or  hollows.  Il 
was  not  practieahle,  therefore,  to  enclose  the  area  of  tlie  founda- 
tion hv  meaiLs  of  a  timl>er  coflerdam.  The  fomulation  w/b 
consequently  secured  in  a  different  manner.  The  oiiUiiie 
the  space  to  be  encloseil  wjis  irregular  in  })Ian,  lieing  deterniinnl 
by  the  form  of  the  rocky  shoal,  and  extended  wp  strcau*  «>n- 
siderably  l>eyond  the  actual  requirements  of  the  pier.  It  ^'^ 
determined  to  enclose  this  space  by  f^inking,  and  buildinp;  up  to 
water  level  an  enclosing  tlain  or  wall,  fornieil  of  hiic;^  of  Port- 
land cement  concrete.  To  eifeet  this  in  the  deep  water  and 
strong  current,  and  in  the  temporary  absence  of  proper  diving 
apparatus,  barges  were  moored  just  outside  the  line  of  ih^' 
proposed  wall,  and  as  much  as  possible  of  the  line  sand,  xvliu'i 
in  places  fdled  the  crevasses  of  the  rock,  was  removed  b_V  i 
spoon  dredge,  the  remainder  being  cleared  by  hand  by  tiativt 
divers  who,  however,  could  only  work  imperfectly,  and  f"f 
sliort  intervals  at  a  time,  owing  to  the  intense  cold  of  titf 
water  in  the  snow-fed  river,  AVhen  the  rock  was  tlms  cleareJ* 
small  hajjs  loosely  filled  with  Portland  cement  concrete  were 
lowered  on  to  the  rock,  and  rammed  into  the  cavities,  nntil 
gradually  a  tliick  enclosing  wall  of  bags  was  built  up  to  watiT 
level.  Above  this  level  a  wall  of  rubble  stone,  set  in  hydrautif 
mortar,  was  built  up  to  a  furtlier  height  of  5  ft*et. 

The  enclosed  area  was  also  divided  into  ten  rectanpjUT 
compartments  bv  cross  walls  luiilt  up  in  the  same  manner,  and 
in  November  1881  pumping  plant  was  got  to  work,  and  somt 
of  the  compartmejits  were  pumped  out.  It  was  then  found 
that  the  surface  of  the  rock  was  not  so  sound  as  had  Invri 
supposed,  and  that,  owing  to  numerous  fissures,  the  inHux  of 
water  would  be  too  great  to  allow  of  the  cells,  or  chambers 
for  the  shoeg  of  the  pier  columns  being  sunk  into  it  to  the 
necessary  dcptfi.    IVopcr  diving  apparatus  having  now  lu>n 
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ftined,  it  was  ileteniiiiiod  to  ilist'ontiiuif  tlie  pumping,  and 
thr  compnrtmeuts  nitc»  whiLli  tlie  iluiii  Imd  bei.'u  divided  were 
soon  cleared  of  all  sand  and  l<x>hc  nmtter  by  the  divers.  Tbe 
roiiipnrtiiieuLs  wcrt'  Hitti  iiileJ  in  sr>Iitl  with  cement  concrete, 
■iuch  WHA  left  for  tfie  time  necesRfU*y  to  harden. 
^Bquare  celh  weix'  tbeu  cut  down  through  the  concrete  to 
«urfnce  of  the  rock,  and  were  cotitiiiued  into  the  hitter 
until  perfectly  sonnd  and  solid  rock  was  met  witli.  In  cases 
where  piissnges  coinmuniuittn^  with  the  outside  river  were  cut 
into,  the  pr<H-c^fi  Itftd  tn  Ik^  rep[:Lte<l  ;  cement  concrete  lieinjr 
J^»i\  in,  alfowL-d  to  harden,  anti  then  cut  through.  The  ccUh 
^■t  7  feet  ftqnare^  or  juiit  a  little  larger  than  the  shoes  of  the 
mumn^  When  nil  tlir  H  eeUs  had  been  carried  into  the  r<iek 
l^the  required  deptli^  wliicli  in  the  case  of  the  central  ]ncr 
about  21  feet,  the  pier  columns  were  cut  to  the  necegsary 
Wfjfth,  nn*l  the  massive  inin  shoes  wvre  riveted  on.  Each 
luittiinL  len(i;tli  was  then  lowered  into  it^f  proper  cell,  and  tent- 
|x>rarily  adjusted  I'n  place,  The  next  length  of  the  colunias 
were  fa.steiu'd  on,  anil  the  shoes  were  now  brought  inln  e^act 
^ui^ontal  and  vertuvd  jjosition.  Fine  Tortland  cement  con- 
^■t'  was  carefnllv  rammed  under  the  shoes^  as  well  as  inside 
wncT  around  them,  and  tlic  cells  were  completely  filled  tip  with 
the  rtume  ninterial  up  to  the  level  of  the  top  of  tlie  dam.  In 
onicr  to  protect  the  r^tandnnis  of  the  central  pier  from  tlie 
ahoc-k^  of  Hoatiii^  rafts,  or  other  objects  carried  down  the 

Irr,  a  concrete  fender  or  cutwater,  was  subseijuently  con- 
kcteil  on  the  rock^  on  the  up-stream  side  of  them, 
Ilie  method  adopted  in  building  up  the  pier  columns  was  as 
loirB: — A  .jO-fiKit  derrick  or  jib  ^*as  placed  near  the  centre 
lllwf  pier^  capable  of  W'hi^  inclined  toward*  any  particular 
lunni  to  l>c  operated  on.  The  23-feet  lengths  of  coltunn 
U'tween  the  huri/ontnl  and  cniss  bracings  liaving  Ix-'cn  pre- 
viously riveted  up,  were  boiHted  into  place,  and  tlie  section 
braeetl  togfther  ami  cotnplcUly  rivettnl.  The  derrick  wiw 
rniN  il  on  a  platform  !«upported  on  the  uppernio8t  tier  of 
^■dng,  and  the  next  Length  was  hotMted  ntut  completed,  and 
Von,  until  the  pierwns  fmislied  to  the  full  lieigbt.  The  first 
lunin  Uioe  was  set  on  the  iiiU  Febniarv  \HS%  and  (be  four  pieh^ 
nil  erectetl  and  complete  by  the  end  of  May  of  tbcisamcycar. 
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Tilt'  main  girilcrs  of  the  bridge  wciv  built  in  place  on  p 
form*  iiiipportcd  by  staging  erected  betwcvn  tlic  jiiers.    In  the 
case  of  the  three  smaller  spans  of        feet,  no  difficulty  wai 
experienced,  as  the  bed  of  the  river  in  tlio^e  spans  was  drv  for 
t!ie  greater  part  of  the  year.    The  platforms  were  liere  carried 
on  temporary  piers  spaced  about  IrS  feet  apart,  formed  of  double 
columns  buiit  up  of  viTought-iron  cylinders  S  fvct  in  diameteft 
and  in  3-feet  lengths,  with  aiigle  iron  flan>;cs ;  this  material 
having  been  collected  in  conAidcrable  (jutintity  for  the  pijrpose 
of  constructing  temporary  bridges  during  the  Afghan  campaign, 
and  in  part  by  the  use  of  angle  iron  standards,  with  cross 
struts  and  bracing,  whieh  luip}K'tied  tn  be  available.    For  the 
two  main  spuns  of  iJ08  fiet,  across  the  water  channel  of  live 
river,  a  different  system  had  to  be  adopted.    In  these  epane., 
viz.  Nos.  3  and  4,  no  intermediate  supports  were  adinissiblu, 
principally  ovvin;^  to  tlie  depth  and  strength  of  the  current, 
and  to  the  necessity  for  keeping  open  a  clear  wide  channel  for 
tlie  heavy  timber  rafts  ami  large  hotit^  laden  with  produce 
from  tlie  upper  reaches  of  the  river.    The  staging,  therefore, 
in  the  main  spans  consisted  of  a  series  of  long  struts  ^[iringiDg 
from  a  point  near  tlie  base  of  each  pier,  and  spreading  out  like 
a  fan  tu  support  a  liorizontal  beam  of  double  whole  timberv 
on  which  the  girder-erecting  platform  was  laid.    The  pair  oF 
main  long  struts  or  booms  on  either  side  were  spaceil  19  fects 
apart,  centre  to  centre^  so  as  to  come  under  the  girders^  anil- 
were  bmced  together.    jVII  the  intermediate  struts  forming 
the  fan  were  similarly  braced,  and  rigidly  connected  with  eacl* 
other  by  horizontal  half-timliers,  or  '  lodgers,''  at  equal  vertical 
dist^incea  of  12  feet ;  the  ledgers  were  also  secua^d  to  the  niaiim 
columns  of  the  piei's  by  heavy  wrought-iron  straps?.    The  two 
outermost  struts  from  opposite  sides  were  connected  al>ove  bv 
a  whole  beam,  6Ji  feet  long^  of  sol  wood,  trussed  with  three 
vertical  struts  10  feet  deep,  and  by  rods  of  ^-inch  round  iron, 
the  whole  forming  wfien  complete  a  gigantic  strut  and  ^itrrdn 
ing-beam  truss,  300  feet  long,  and  over  100  feet  high. 

These  massive  stagings  proved  exceedingly  salinfactorv,  thi* 
maxiitiuni  deflection  or  sinking  under  tlie  enormous  load  of 
over  600  tmis  iinposed  upon  them— in  miditton  to  their  own 
weight— ^being  only  1|  inch.    They  proved,  however,  to  be  bv 
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far  the  moat  diflieuU,  as  uell  (i*  the  most  tedious,  part  of  the 
whole  hritl^  operations.  The  stagings  were  commenced  in 
toher  1H82,  and  the  Hecond  one  uas  not  eonjpleted  until  the 
piitiing  of  rebruary  IHH.'i;  IIk*  work  of  erection  having  ])ccti 
much  delayed  hv  stornis  and  high  witids,  which  are  vL'ty  prc- 
vaU^nt  at  Attock,  during  nhicli  it  was  unsafe  to  allow  men  to 
work  in  hueh  u  high  and  c\|KistLl  situation,  and  where  their 
limb«  woutd  quickly  Ijeconrc  numbed  hy  tlie  cold. 

TIr-  I'rect.ion  of  the  giriler  work  was  cfHt  ted  by  the  use  of 
^ntrv  cranes  moviiig  on  noh  laid  on  hi-anis  outside  the  girders. 
In  thf  casv  t>f  tlie  first  of  the  J308.tVct  spans,  from  the  laying 
hi  place  of  the  bcanngs,  until  the  top  booms  were  closed  in, 
eleven  dava  were  occupied,  and  in  the  case  of  the  second  span 
I  tiays  suHiced  for  the  same  work.  Tlie  complete  riveting 
k  al»out  a  \vcck  longer  in  each  case,  and  on  the  5th  May 
*3  the  first  hict»moti\e  pjLsseil  over  the  bridge. 
The  structure  n  few  days  afterwartb  was  officiallv  tcstetl  nith 
a  test  train^  coumsting  of  three  locomotives  weighing  64  ton* 
each,  and  ciglit  h>aded  uagons  of  a  gross  weight  of  18  tons 
each,  I  he  engine?*  heiiifj  placed  in  the  centre  of  the  train, 
he  Govennncnt  of  Indin  rules  for  testing  railway  bridges  are, 
at  the  loriti  Hliall  Ik*  alioweil  to  stand  on  each  »pan  front  ten 
fifteen  minutes;  the  testing  train  is  then  moved  first  slowly 
ruHs  the  Hpan^  and  lanlly  the  train  is  driven  across  at  the 
ghe»t  spivd.  In  each  <vLse  the  ileHect)on»  are  carefully 
nh»icr\cd,  an  well  a>;  the  latcnd  tiscillation  nnder  the  high-s]>eed 
U  The  result  of  tlie  trials  in  each  case  at  the  Altock  Bridge 
very  sat isfat^ lory,  antl  the  bridge  w^ia  at  once  opened  for 
blic  trattic.  The  total  cost  of  the  Attock  Hridgc  is  officially 
ven  ns  lU,  :W,^0,olO,  hut  it  is  not  statfd  wliether  this 
dudes  the  block-house  defences  which  have  hc<ni  constructed 
for  the  militJirv  rortihcalion  an*!  prolection  of  the  bridge, 
*t*hc  section  of  the  North -Western  Railway,  extending  from 
'  on?,  i^irt  Moollnn  to  Karachi,  croMc^t  the  Indus  at  a  |>oint 
one  to  the  town  t>i'  Sukktir.  For  niiiny  years  a  break  here 
curred  on  the  railway,  mul  the  ])iiH*.age  was  effected  by  a  ferry, 
bscqucntlv  hnnlinfj-singcs,  with  »tc»rncrH  and  Hats,  were  pn>- 
'ded,  hv  mean?*  of  whiih  tlie  railway  vehicles  were  tran<- 
I  nrrtisH  I  he  rist-r;  hoi  soon  after  tlie  year  1H80  active 
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fttep»  were  taken  I'cJr  tlie  elAbomttiiii  fviul  pr4>viM0ii  til*  n  ]kt- 
luanent  lii^h-lcvel  bridge,  tt>  rciuliT  st'ctirc  this  iiuporbint  link 
in  the  eliain  of  couiiikuiiictitioii  lict^vecn  u|)pL>r  Iiutin  anil  tlie 
coast.  At  Sukkur  the  Iiuhis  pah^c^  tlirou^li  an  isolated  ridge 
of  nummuHtic  limestone  of  stnall  delation,  and  tlit*  river  i* 
uiiL'quully  divided  into  Iwo  i-luiiiiK^L's  hy  t\w  island  of  liukkiir. 
Tlie  left  or  Holiri  cliauiiel  curries  tlu*  niitin  body  of  water, 
whicli  is  heiv  70  i'wt  deep  iit  low  wuter,  TIk*  riao  of  IIk*  river 
ill  times  of  higliest  flootis  is  17  feet,  and  the  vclwity  of  the 
ciirreid  is  about  nine  miles  an  hour. 

It  was  foniid  practioahle  to  bridge  the  rifrlit  en*  Snkkur 
channel  by  three  ginler  spans  of  278,  and  94A  feet  n:spti> 
tively,  the  eret^tion  of  which  presented  no  dillicuUy,  but  the 
main  or  Koiiri  channel— owing  to  the  «ivat  cost,  and  undeMr- 
ahleness  on  many  grounds  of  employing  a  eentral  pier — eoukl 
only  be  crossed  by  a  dngle  span  of  cKceptiomdIy  larg**  dlintiu- 
sions.  Hard  limeiitone  rock,  sloping  steeply  down  tti  tfie  water, 
U  found  on  the  loft  hank  and  on  Bnkknr  i^iland.  At  the  upj)er 
part  of  the  island  the  chainiel  eould  have  been  crossed  bv  a 
single  span  of  (ioO  feet,  hut  the  ap[)n>ach  emhnnknieitt  would 
have  ent  thrinigh  Lhe  mithlle  of  Hie  town  of  Hohri^  and  it* 
increased  cost,  together  with  the  heavy  compensation  that 
wonld  have  to  he  ]>aid  for  land  and  profierty,  nrnuilled  the 
advantage  of  thiJ^  alignment.  It  was  theref*)re  dctenniued  to 
cross  the  channel  somewhat  lower  down,  at  a  aite  when*  the 
width  of  tile  single  span  could  ntit  be  reduced  beh>w  8ii0  feet, 
or  7£M>  feet  in  clear  wjtlth  from  face  to  face  of  the  n];iM>nry 
abutments  on  either  side.  The  structural  features  of  the 
ilesign  adopted  for  spamniig  tins  exeeptionally  large  u{»ening 
have  been  nuich  criticised*  cliieflv  on  account  of  the  Hpeciiil 
diBicultie&  of  erection  of  the  ironwork  which  were  entailed. 

The  '  Lansdowne  liridge -  so  named  after  the  then 
\  iccroy  and  Governor- General  of  India — consists  of  single 
cantilevers,  one  on  eiK'h  side  of  the  clianuel,  each  having  a 
projection  or  overliang  of  ;31C>  feet.  Tlic  centml  gap»  i2(H>  feet 
long,  between  the  projecting  ends  of  tliese  cantilevers,  is 
spanned  by  indc|»en<Jent  girders.  The  gencrni  featuivs  nf  the 
design  and  aspect  of  the  huge  main  ojiening  uf  the  bridge — 
the  snpcratructure  of  which  is  throughout  constructed  of  »teel 
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kswill  be  l>efit  understood  from  tlie  ilhi^trutioii  {vide  Frontia- 
^^e).    £ach  cantilever  virtually  consists  of  a  jtjigftiitic  sht'nr 
PHp,  or  guyed  cniiio,  usuJ  to  .sup]>ort  tlie  Lrid^  pliitforni  at  n 
Jiapitflit  of  52  feet  atiovc  Ksw  water,  or  iJ5  feet  iibove  m^xinniiu 
^■ds.    Tlie  foundation-work  eoii8i§ted  only  in  clearing  away 
WSt  Dititeriul  dovrii  to  tlic  r<x'k  oti  eittier  bank,  wliich  wati 
l>enciiaj  to  rcvdve  the  iibnUnent  nuisonry.    In  tlit*  ivbsenee  nf 
Miitabk*  fttone  thii»  was  nmstructed  of  Portland  coment  coni-rete. 
The  ATichorinp^s  fur  tho  Imck  stays  or  guys,  which  arc  cellular 
jltrueturi's  iJJi  feet  by  12  feet  by  6  feut — -^vei^hinj^  35  iou& — are 
^Hited  about  ^^50  feet  to  the  rear  of  the  al>utiiient»,  and  about 
B^fivt  Ik'Iow  rail  level,  and  tliey  are  beddeil  Hrndy  into  or 
|Miind  the  Holiil  riK.'k  in  cement  concrete.    On  tbi  abutments 
^B^inain  bed-[>lateH  for  the  i^upport  of  the  ctintiieverN  are  ais4> 
RHubir,  ^0  ftet  long  by  10  feet  by  8  ffet — weipfhiitp;  55  tonn. 
They  arc  secured  to  the  abutments  l)y  fourteen  bolding-down 
Iwlts     f<'*<'t  long  and  i^  inches  in  diameter,  and  further,  to  pro- 
vide rt;;ainst  any  backward  tlirust,  they  are  connected  witli  the 

f^^^'i  roek  behind  tlieiii  by  a  HlUng  of  Portland  cement  concrete, 
pillars  ami  struts  of  the  niain  framework  of  Ibe  mntik^^-m 
Utngituflinally  spimlEe-sliaped,  stpiare  in  section,  and  are 
built  uj»  of  curved  cotner-platei*  stiffeiml  by  angle  bars  at  tbo 
edges,  and  tieil  together  by  hon/ontal  and  diagonal  braces 
forming  an  open  framework.  The  first  vertical  pillars,  carritxl 
on  the  abutments  somewhat  in  the  form  of  the  letter  A,  are 
phiced  with  feet  UK)  feet  apart,  the  legu  art-  ITO  feet  higli,  and 
iHBgb  IHS  tons.  Tlie  main  inclined  fitrut^  similarly  di!ipoi»ed, 
Hping  the  *jib'  of  tlie  crane,  are  U'ii\  feet  long,  and  weigh  no 
[Sb  than  S40  tons.    These  imnnUers  are  joined  together  at 

ttop  by  a  liori/uiital  tie-gtrder  X^'i  feet  long,  and  weighing 
t(m»;  the  three  nuMnbers  constituting  the  enorniou.s  primary 
ngle  of  the  ca!itilever  framing.  The  entire  nteel  work  of 
|M|b  contiU'ver  niiule  tu  Knghind,  and  wivs  tir^t  put  ttigether 
^Bbc  maker's  yard,  with  the  aid  of  a  timber  seattold  (such  as 
Muld  not,  however,  be  used  ut  the  site  of  tlie  bridge),  Ivfore 
nent,  and  the  huge  erection  for  a  long  time  formeil  a  mu«t 
icuous  object  on  the  t>atik»  of  the  lower  Tbamej*,  Apart 
ita  gri-at  sixi',  the  chief  interest  of  ilie  IjuiNdowiie  Bridge 
Mu-  IiiditH  111  s  in  the  ditficultie^i  encountered  in  it*  erection, 


difficulties  which  were  suceessfiiUy  overcome  by  innny  ingonfoas 
expedients.  It  would  not  be  possible^  wittiuut  tlte  aid  uf 
numerous  diagrams,  nud  the  introduction  of  too  many  techni- 
calities to  be  readilv  understood  by  the  unprofessional  reader, 
to  enter  into  any  full  and  detailed  explanation  of  tlie  emTttiin 
of  this  remarkable  work.  The  following  brief  account — the 
data  for  which  liris  been  |truicij)ally  derived  from  a  paper 
descriptive  of  its  erection  read  before  the  Institution  of  Civil 
Engineers  on  the  2d  January  1890 — will  convey  a  general 
idea  of  tb^  methods  employed. 

The  Hrst  members  to  be  erected  were  tlic  large  vertical 
pillars  on  the  abutment:^.  These  in  actual  coustru<:tion  wrett 
built  up  with  ft  sliglit  backward  rake — or  inclination  of  (i  im-hei 
to  aUow  for  tlie  requisite  elevation — or  'camber'  at  the  end  or 
nose  of  the  cantilever,  and  it  wasj  tlierefore,  necessary  first  to 
erect  a  timber  scaffold  t(»  support  them  duniig  construction. 
The  scaffold  was  built  to  the  profile  of  the  hoUhn^-back  guvs, 
and  served  also  to  erect  them.  The  piilan^  were  built  up  from 
the  bed-plates,  and  the  guys  from  tlie  anchoriugs,  until  thcv 
met  at  the  top,  and  the  junction  had  to  be  made  so  as  to  give 
the  backward  rake  of  6  inches  to  the  pillars  at  a  temperature 
of  100%  which  was  fixed  upon  as  the  normal  temperature,  for 
at  Sukkur  the  temperature  in  the  sun  runs  up  to  180%  ami 
often  exceeds  90'  during  tJie  ntglit.  The  next  member  of  the 
cantilever  framework  to  be  erected  was  tlie  liuge  primarv  strut, 
Tiiese  iuiniense  booms*  ii^iO  feet  long,  and  weii^hing  together 
5240  tons,  supported  on  a  small  base  and  riveted  to  the  In'd- 
plate,  had  to  be  built  out  with  n  rake  or  i?icbnntion  in  two 
directions,  and  tlunr  construction  consequently  involved  a  very 
difficult  piece  of  setting  out  to  preser\*c  them  in  proper  align- 
ment and  direction,  A  temporary  staging  was  erected  on  ihi^ 
first  lengths  of  the  roadway  girders^  which  it  Iiad  been  pohsibK' 
to  place  in  position  by  supporting  tlieir  outward  ends  on  a 
temporary  pier  built  in  the  river  just  outside  the  abutment. 
On  tliia  staging  wna  placed  a  double  derrick  crane,  witJi  h 
sufficient  Jiweep  to  eonnnand  a  eoustderable  section  of  Ihtr 
length  of  the  main  strut.  A  piece  of  the  strut — generally 
about  :30  feet  long  au<l  weighing  5  tons — was  lifted  out  int" 
it*  place,  and  held  by  H  inch  wire  rope;  its  proper  |x>^itinii 
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wfcj  adjusted  witli  grunt  and  careful  acciirftcy,  the  various  l-oh- 
n(*ction8  were  tnade^  and  tlie  work  was  tfien  riveted  up.  After 
tilt*  strut  htid  been  tluis  built  out  beyond  the  reach  of  l!ie 
ik-rritk,  nnotlier  one,  75  feet  long^,  was  erectetl  at  a  higher 
level,  on  one  of  the  eross  or  *  distance''  girders,  and  the  build- 
iiig^  out  euntiiuied  ;  the  work  bt?iiig  hekl  back  hy  stroii«;  back 
hes  fiiH-nred  to  tlie  vertieal  pillars,  aud  b}'  a  special  main  tie 
from  tlie  summit  of  tlie  latter. 

On  the  completion  nf  tlie  enormous  struts  tn  full  length 
Aiid  height,  it  wus  foinul  that  the  esact  span  tor  tfie  upper 
horizontal  tie  was  in  error  to  the  extent  of  only  i  inch  on  one 
»iide  of  the  river^  and  inc!i  on  tlie  other.  The  next  opera- 
tion waft  the  erection  of  the  pernnaieut  horixontal  tie  itself* 
eonnecting  the  heail  of  the  vertieal  pillars  with  that  of  the 
iitnit».  The  weight  and  length  of  the  hori/ontal  tie  was  too 
f(reat  to  adtnit  of  its  la-ing  lifted  in  one  piece;  it  was,  therefore, 
tlecid«l  to  erect  it  on  a  teni]n>rary  suspension  bridge,  or  sus^ 
[K'nded  stagings  earrii-d  between  tlie  heads  of  tJic  two  main 
roenibers.  The  su»pen!^ion  cable*,  however,  being  ultached  to 
the  strut  at  the  outer  end,  the  operation  preseiiteil  this  difli- 
culty — that  the  !ion/ontal  pull  of  the  ropes  when  loaded  was 
more  tliau  suiheient  to  i-ounterbalanee  the  weight  of  the  strut 
by  iilwut  !20  ttuis.  This  difficulty  was  met  by  hmding  the  nose 
of  the  strut  to  the  rwjuisite  ex-tent  to  counterbalance  the 
incfCA&iug  horizontal  pull  of  the  temporary  bridge  as  the  load 
auiK'  i»n  it,  llie  main  tie  being  hrst  shiekeiied.  On  thf  su?*- 
penKion  cables,  braced  trestles  were  arrangeii,  as  to  &up}H>rt 
the  steel  work  of  the  horizcmtal  tie  during  its  construction^ 
and  until  the  head  of  tlie  main  verticals  and  the  huge  inclined 
utruts  were  permanently  joined  togetlier,  thus  completing  the 
firsi  triangle  of  the  cantilever  framework. 

An  soon  a^  thi*  triangle  wasi  Mieee^sfullv  framed  on  each 
Nide  of  the  channel,  two  irnn  perniauL'Tit  points  of  support  were 
•TftUnble  from  which  to  hang  a  svAtcm  of  overhead  »u»penders, 
or  carrying  cabh-s,  from  one  tf>  the  uther*  extending  for  a  diH- 
IadCl*  of  'J •^T  fe*^*t  itcrosH  the  ch/mntl,  anil  bv  tljc  aid  of  these 
er  cabteii,  and  an  ingenious  arrangement  of  tackle  and 
,  worked  fwni  the  liorizontal  ties  hv  pnrbilde  enginej* 
below,  tlie  remnining  lc?w  heavy  p<»rtion  of  the  caiiti- 
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liorizontally  braced  to  each  other.  This  temporary  work  was 
completed,  with  some  difficulty,  in  seven  days.  The  permanent 
girders  were  erected  on  sand  boxes,  sufficient  camber,  or  rise 
in  the  centre,  being  given  in  setting  the  lower  booms,  to  allow 
for  the  deflection  of  the  bowstring  staging  girders.  The  pieces 
were  all  run  out  by  the  useful  overhead  gear,  and  the  work 
of  erection  was  practically  completed  in  four  and  a  half  days. 

The  floor  of  the  Lansdowne  Bridge  is  formed  of  corrugated 
deck  plating  filled  witli  wood,  so  as  to  give  a  cartway  on  the 
same  level  as  the  railway,  which  passes  over  the  bridge  by  a 
single  line.    A  footway  for  men  and  l)easts  of  burden  is  also 
corbelled  out  on  both  sides.    Work  on  this  truly  noble  bridge 
was  begim  on  the  anchors  of  the  Bukkur  cantilever  in  April 
1887,  but  at  first  progressed  slowly  for  want  of  tlie  steel  work. 
From  November  1887  the  work  of  erection  ivas  rapidly  pushed 
forward  until  its  completion  and  testing  in  March  1889.  The 
total  weight  of  steelwork  in  tlie  huge  main  span  is  3316  tons. 
"Tlie  total  cost  of  the  Lansdowne  Bridge,  including  the  three 
minor  spans  over  the  Sukkur  channel,  is  given  as  Rs.33,46,7^, 
of  which  Rs..27,89,34?0  is  the  cost  of  the  great  cantilever  span 
over  the  Kohri  channel. 
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NORTH-WESTERN  SYSTE21I  KHOJAK  TCTXMEL  OTHER  RAlLWAYii 

The  Sind-Pishin  seclion  of  the  '  North-Western  Railway  *— Outline  of  systcm- 
The  new  Quetta  loop  by  the  Mushkaf  and  Bolan  valleys — Rapid  constnsc- 
tion  of  the  line  from  Ruk  to  Sibi — Hurnai  Valley  line— £xten:uon  <^  the 
railway  from  Bostan  to  Chaman — ^The  Khojak  Tunnel — Largest  raitwaj 
tunnel  in  India — Descriptive  details  of  construction — Progress  of  the  slu^ 
and  headings — The  rope  inclines — Completion  of  the  tunnel — Extraordiuo' 
cflTects  of  an  Earthquake— General  particulars  of  the  North-Westero  system 
of  railways — Outline  of  other  railways — The  Bombay  Baroda  and  Centn! 
India— The  Tapti  and  Nerbudda  Viaducts— The  Rajputana-Malwa  Sute 
Railway  of  metre  gauge — Principal  structures  and  works — The  Bengal. 
Nagpur,  and  Indian  Midland  Railways— Principal  worki — ^The  Rail»^y 
water-supply  at  Jhansi — East  Coast  Railway— The  Bezvada  bridge— R«I* 
ways  in  Burma. 

At  Ruk  Junction,  situated  only  a  few  miles  beyond  the  point 
where  tlio  Lahore  and  Karachi  trunk  section  of  the  Nortli- 
Wcsteni  Itailwav  crosses  the  Indus  by  the  Lansdowne  Bridge^ 
the  Sind-Pishin  section  of  the  same  railway  commences.  The 
main  line  of  the  latter,  335^  miles  long,  lias  been  constructed 
as  a  frontier  military  line,  and  may  be  divided  into  two 
portions.    The  first  or  level  desert  length  of  133J  miles,  rum 
from  Iluk  Junction  to  Sibi,  situated  near  the  foot  of  the 
Belucliistan  Mountains,  and  the  mouth  of  the  Bolan  and 
Hurnai  valleys.     The  second  or  mountain  railway  length 
extends  from  near  Sibi,  via  the  Hurnai  valley,  to  Bostaii 
(situated  a  few  miles  north  of  the  frontier  military  station  of 
Quetta)  and  thence  proceeds  via  Kila  Abdulla  and  the  Khojak 
Pass  and  tunnel  to  New  Chaman,  on  the  northern  or  Afghan- 
istan side  of  the  dividing  Amran  range  of  mounttuns,  within 
a  distance  of  70  miles  of  Kandahar. 
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loop  line  cvtctiding  from  Sibi,  vm  tla*  Hokii  Piiss  to 
juctta  and  on  to  fiostmij  was  origjimlly  constructed,  but  the 
K>rtiou  of  this  loop,  9H\  miles  long,  ]>iisfting  through  a  very 
tifGcuIt  line  of  country  from  isibi  tu  Qaotta,  was  made  under 
p^at  stress  as  a  temporary  militniy  line,  and  after  havint;  l>een 
luiintained  in  the  face  of  great  dirtietdties  for  some  years  was 
in  Nuvember  1891   made  over  for  reconstnu-tion  on  a  new 
ilignment.    Tlie  new  Qnetta  hM>p  by  the  Mushkaf  and  Bolan 
mlJevs  is  not  yet  open,  hut  work  on  it  is  hein^^  rapidly  jtushed 
brwurd^  as  it  is  of  the  lnf»;heAt  imjiortance  that  a  seeond 
dternative  line  of  railway  should  be  permanently  maintained 
between  Sibi  Quetta  and  Bostan,  in  case  the  main  line  by  tlie 
Knnmi  valley  should  at  any  time  be  lilocked  by  landisLips  or 
>ther  accidents;  always  liable  to  ocenr  on  a  severe  mountain 
railway.    On  the  Mushkaf  alignment  of  the  Quetta  lo(>]>,  the 
ttforks  arc  generally  of  a  very  heavy  charaettT.    There  \a  one 
tunnel  of  more  than  usual  importance,  viz.,  that  being  driven 
thrt>uj;h  the  line  of  hill  forming  the  watershed  between  the 
Muslvkaf  and  Bolan  valleys  known  as  the  *  Panir.''  This  tunnel 
be  about  3000  feet  in  length.    The  line — whieli  will  be 
tdfotit  86  miles  long — runs  along  portions  of  the  old  Quetta 
b>op  from  Bolan  Junction  to  Nari  Bank — 4  miles,  and  from 
Kolpur  to  Quetta — S5  nule§.    The  new  portion  from  Nari 
Hank  to  Kolpur  is,  therefore,  about  57  miles  in  length.  The 
total  rise  from  Sibi  to  Kolpur  is  5463  feet,  and  the  railway 
^rrmlienta  over  intermediate  lengths  are,  1  in  55,  1  in  35,  1  in 
^'3j  and  1  in  ^5.    From  the  niontb  of  the  Mushkaf  valley  tlie 
country  is  very  difficult,  involving  eiglit  tunnels  and  four 
crossings  of  the  Mushkaf  river*     In  the  Bolau  valley  there 
win  he  three  tunnels,  and  some  exceptionally  high  embankments 
luid  deep  cuttings.     On  approaching  Kolpur  the  works  are 
again  exceedingly  heavy,  including  numerous  rock-cuttings^ 
three  tunnels  and  large  bridges  for  nine  crossings  of  tlie  Bolan 
river  at  high  levels  above  its  bed.     Information  iVi  to  the 
detaiU  of  Uiese  works  is  at  present  very  scanty. 

Turning  now  to  the  main  line,  and  to  the  first  portion  of 
the  S?ind-Pishin  section  from  Ruk  Junction  to  Sibi.  At  the 
end  of  the  year  1879  it  was  determined  to  push  forward — for 
emergent  military  purposes — and  with  the  greatest  possible 
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rftpiditv, :(  lintM>F  railway  comtiuimcAtioii  from  tlii"  Iiidujs  valkv 
to  thv  Butati  Pass,  this  being  tin*  best  available  route  lemliri^,'- 
from  British  India  Into  Af^jliaiiisUn.  Only  four  niontlis  from 
the  dato  of  ivceivinji;  the  first  i»rtler,  a  broiul-i^juigc  railw* 
l^J  miles  long,  wns  ojjciiud  for  militftry  tmflir  tVtnn  Uiik  to 
Hibi.  The  greiitfi-  portion  of  tliis  It'Jif^th  of  line  trnvej>t'«  ti 
triangular-sliajied  \v'ntvrless  jilain,  t\r\\  barren  hiuI  trtvitw, 
locjilly  named  tht-  *  Put*  or  desert.  This  sandy  plain  ^]o|^esat 
fin  average  gnuiienl  of  1  in  WOO  from  the  f«K)t  of  tfic  Urliiciii- 
hbtn  Mountainw  towards  the  Indus  valley.  For  the  llrst  forty 
miles,  however,  from  Huk,  tlic  groinid  slightly  fulls  away  f mm 
the  elevated  chnunel  of  the  Induft,  and  the  railway  over  thi" 
length  is  ca-rried  through  tbiek  jungle,  except  near  the  ti>wi3* 
of  Shikarpur  and  Jaeobabad,  crossing  in  its  course  sevfrtt! 
large  inundation  eanids  and  uatcr-distribu ting  channels. 

Tlie  rapidity  with  which  the  materiali?  f<ir  the  Huk  Sil" 
section  of  the  Siiul-Pishin  Railway  were  collccteil,  and  the  lim- 
laid  and  matle  servieeable  for  locomotive  trafFu-,  has  hardly  i^tr 
been  surpassed.     Although  the  work  in  itself  was  of  tlif 
simplest  character,  its  prosecution  was  attended  with  exwp- 
tional  difficulties  in  conncetioa  witli  the  lunjsing,  feeding,  nmt 
watering  the  large  working  parties  of  men  and  animals  whilst 
crossing  the  terrible  desert  portion  of  93  miles,  as  well  as  from 
the  character  of  the  climate  during  file  wiiiter  months,  whidi 
is  hot  by  day  and  intensely  cold  by  night.    The  supply 
water  was  based  on  the  estimateil  requirement  of  5000  nuni 
at  two  gallons  per  day*  and  ^(>00  beasts  at  <ive  gallons,  cqiml 
to  a  daily  supply  of  20.000  galh}ns,  and  tlie  supply  ww 
furnishetl  by  training  out  water  tanks  by  the  material  trail* 
running  to  the  ■  ti]i/  or  advanced  head  of  the  workii.  The 
execution  of  13i3i  miles  of  railway  in  101  day*?,  or  at  * 
average  progress  of  1^  miles  per  day  is  a  feat  worthy  ' 
mention,  and  was  only  possible  uruler  the  niost  perfect  syste 
of  organisation  in  every  detail  of  the  operations.     Vet  fio  ahl 
conceived,  were  all  tlie  arrangements  for  ttie  regular  &xn\  (>rdcrl 
fiupplv,  whether  of  railway  material,  f>r  of  food,  nater,  fuel  an 
shelter  for  the  labourers  and  sbiff,  during  the  liftv  workiu 
<iays  occupied  in  carrj'ing  the  railway  over  the  ninety-three  mil 
of  inhf>spitable  di^crt^  that  practically  no  special  inconvc^nh.1 
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xperiLMicc'il,  Mini  fiuni  iir.-it  to  last  tlit?  work  progressed 
the  utmost  rrgiilnritv  mui  mechanical  precisian, 
m  licttr  Sibi — tlu*  vud  of  the  desert  section — the  \m'w 
^^triivcrsr«»  v'ut  the  lliirnai  valley,  a  very  tlitUeult  iiitiuntuiti- 
^^Bountrvi  involving  works  of  exceptionally  heavy  character, 
Rfflinc  Ihroughoiit  hiLs  been  rt»n;»trncteil  fi>r  a  single  line  a& 
kr  OS  Gulistan  (situate<l  a  short  distance  beyonil  liostaii), 
!K-yom{  wiiicli  it  U  liouble.  The  length  of  the  line  from  Sibi, 
Hnnmi  ntu!  Hostnn,  to  New  Cliaitian,  the  present  terniinns 

K rail  WAV,  if*  U02\  miles:  of  this  Kngth  the  Sil>i-)Jostan 
n  WAS  opened  in  the  the  year  1887.  'I'he  rnUnff  i^radients 
ft  portion  vary  In-txveen  1  tti  45  and  1  in  7(),  witli  1  in  ^(H) 
[jftween  Silii  and  \ari.  Ik'twren  Hostan  and  Gulistan  Hie 
rutin;;  gradient  is  1  in  100,  and  from  Gidistan  to  Chainan,  37} 
miles  in  lenfjtli,  tlie  ndintj  crradient  reaches  1  in  40,  with 
purvc*  of  a  nitniminn  radius  of  819  fi-tt.  Over  n  length  of  67 
finlefl  the  hriil<;inr;,  tunnelling  and  eartlnvorks  on  the  Hurnai 

8y  M'clitni  of  the  railway  are  of  exceptional,  and  in  manv 
of  an  extraordinary  description.    I'he  more  importmit 
are  nine  in  nimdier,  the  two  tonge^it  being  iiOSi4  and 
liJSJJ  feet  respectively.    The  total  lenj^th  of  these  tunnels  i« 
feet  or       nnles,  and  their  eonntruetion  cost  the  sum  of 
ii(>,tJiil.     At  31()  miles  from  Uuk  rlunctimi  on  the  ex- 
Ion  of  the  railway  from  Urishuj  toC'haman,  the^ivut  Khojuk 
fj  pierces  the  Khwaju  Amrati  ran ^e  of  hills,  the  a|)proaL'he."< 
^hich  on  either  nide  involve  earthworks  of  a  most  furmidable 
:trr.    The  Khojnk  tnnnel — the  hirgest  railway  or  other 
*I  in  India,  has  a  total  length  of  12,870  feet,  or  just 
[r      miles.    Of  this,  7H70  ft-t  t  are  J  lined  with  nni*onrv, 
tlie  remainin*;  oiKK)  feet  h  h  lined.    It  has  been  complctetl 
Irith  A  section  nide  enough  to  carry  through  the  hill  a  douhte 
of  the  Ktandjird  or  5  foot  C  inches  flange,  at  a  total 
lU,  Very  little  information     available  as 

methods  and  debuU  of  construction  of  this  recent  axui 
;ing  w(»rk,  which  was  commenced  in  April  of  the  year 
:  vans  practically  cinnpleted  in  September  IHJM,  and  was 
iJlj  opened  for  traffic  on  the  Ist  Jannary  The 
on  the  tunnel  wils  aided  throughout  by  u  K|iec:ial  staff*  of 
pi-nti  tidtu  r^,  tiniTit  IliT'^,  rind  i  h  ct  riciiins. 
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Tlic  onk*i>  i»t'  (TnYLTnimTit  for  the  extension  of  tlie  Sind- 
l*i»hin  Hailway  from  Ivila  Aljitulla  (10  milts  beyond  Gulistmi) 
through  the  Kfiwaja  Ammn  range,  wore  issued  at  the  end  of 
88T,  but  owing  to  the  ticverity  of  the  winter  io  thcst,"  high 
^on.s  nothing  coulti  he  inniK^diately  cfiectfd  at  tlic  main 
immcl,  or  for  tlie  rope  inclines  over  the  summit  of  the  ^wss, 
whicli  it  was  (lei'idtsi  to  coiistrnct  for  temporttry  purposes,  and 
for  ujtt'  durint?  the  construotion  of  tlie  main  work,  Stiill' 
ijuartens  nntl  workmen's  slieltiTs  were,  however,  got  reiuly  ;  the 
rxertvatitui  of  tlio  deep  inittin*^  at  Ihe  eastern  ajiproaeh  to  hhe 
tunnel  wast  eoiiuneneed,  as  well  as  llie  east  and  west  Hncd 
himft*.  Small  shafts  were  also  sunk  at  each  inaiti  eiitranee 
liown  to  the  iuiuiel  level.  In  the  eonrse  of  the  following  vetn\ 
vi/..  18H.S  the  headin*^  from  the  ea^t  portal  of  the  tunnel 
wa*  run  out  tt»  meet  the  east  tutting,  and  towards  the  west 
was  mrriitl  i*'Z{)G  fii  t  into  the  hill  The  m^ond  Miied  shaft 
was  pusheil  dttwn  b*  the  full  tieplh  of  :jl8  feet,  ami  tlie  lieml- 
iiigH  wen*  earned  9:32  feet  eastwards  towards  No.  1  shafts  and 
feet  westward*  towards  No.  ^  sliaft.  During  the  sunnncr 
months  the  springs  failed,  and  water  for  all  the  working  ))arties 
mi  the  l'HaI  n\dv  of  the  hill  \iiu\  to  he  brought  up  in  tanks  from 
KiU  Al>dulla,  a  di-itance  of  ten  miles.  The  work  at  No.  ti 
liueil  nIulTL  wax  .ntnik  to  the  full  depth  of  ^81  feet,  and  the 
east  heading  from  it  was  cnrrletl  ^IW  feet  t'jwards  No*  2.  In 
this  shaft,  on  the  Ui\  Mareli  iJSWi),  ji  large  npHng  was  lapja-d* 
Ilffon*  any  sti'ps  rouhl  he  taken  the  putn|j«;  were  *S  foet  under 
water,  and  hy  the  li3th  the  water  had  risen  I5(i  feet  in  the 
sthaH,  niTowitating  vigorous  mcassiires  to  keep  down  the  influx. 

The  gallery  from  the  west  portal  was  driven  for  a  tlt&lnm'e 
iif  2000  feet  efust wards  ;  here  also  the  heailing  was  exceedingly 
wet,  but  being  un  an  ascending  gratle  the  backwanl  dratmigL* 
was  tAxv.  This  length  of  turmel  wm  joined  to  the  heading 
frx>m  Nii.  shrtft  on  the  ^.Stli  April  1S8!).  At  the  end  of  the 
utficial  year,  1888-89^  (he  lengtfi  of  headiug?i  driven  wa-s 
ISIS  (tiu  out  of  tlie  t<*ta!  length  of  ia,S70  feet,  m7  feet  of 
the  m&Aonry  liniftg  for  double  Hru*  wa.%  aNo  exeeuted,  ami  the 
nuU(«lrtofar  double  line)  were  comph^ted  from  Kila  AbduUa  on 
tlie  pemuitient  formation.  A  tempc^rary  railway  alH>ut  seven 
milrs  long  was  laid  up  to  the  foot  of  the  rop«  iiicHues^  Nos.  1 
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ftiiJ  ^  af  whkli  wt^iv  got  Lo  work  over  the  Khojak  Aummit  u 
OctoSer  1S8S,  and  No.  3  in  Fuhruarv  1SS9.    Thest*  tudiiiti 
«i?rvo(l  (ht>  piirpDse  of  conveyinn;  over  the  m\jxc<,  fuel  find  all 
niaterinls  requirctf  for  the  wfst  tunnel  works  siml  for  thv  mil- 
way  beyond.    Sixteen  miles  of  permanent  way  material  wa% 
thas  coiivcvetl  over  tlie  hill.    The  site  for  the  New  C^hatiiiui 
Station  or  terminus  of  the  line,  wa^  also  selected  at  a  spot 
about  six  miles  lielow  (>haman  Fart,  at  the  foot  of  thi.*  weKt»rni 
slope  of  the  Kliwuja  Amran  range. 

During  tlie  year  1889-D()  Lhe  [leadings  from  the  shafts,  wfiirl) 
throughout  were  driven  in  water-bearing  shale*  or  sliinglc  willi 
layers  of  soft  mud,  re(|uirTng  heavy  tiinin'ring,  were  piercinl  so 
as  to  practically  tomplcte  this  opcraiion^  l]»e  progiv.HS  during 
the  year  being  5070  feet.  The  masonry  arching  was  nla* 
completed  for  a  length  of  5997  feet:  The  headings  of  thr 
tunnel  ivere  joined  towards  the  end  of  April  1890.  Owing  to 
the  large  quantity  of  water  met  witJij  and  also  to  tlie  exticmclv 
treacherous  nature  of  the  ground  in  the  final  !RK)  feet  of  ihv 
workings,  which  caused  frecjuent  slips  and  ctilHilud  the  mi»t 
uireful  timbering,  the  progress  of  the  beadiiign  woa  vtry 
seriously  delayed  during  the  lost  few  months.  The  |m»gre!« 
of  the  arching  was  also  very  greatly  affected  by  tln^ 
cause. 

By  September  of  the  year  1S91  the  masonry  lining  hh* 
virtually  completed^  and  the  first  conj-tniction  train  pa»e(l 
through  the  tunnel  from  end  to  end  on  the  5th  of  that  month. 
On  the  Ifet  January  1892  the  section  of  line  front  Tvrla  Abdulla 
to  New  Chaman  .station,  29-35  miles  in  length,  laid  with  a 
double  track,  and  passing  through  the  Khojak  tunnel,  wa5 
forniflHv  opened  for  traffic  ;  the  works  throughout  tbi?i  difficiill 
sfction  of  line  having  occupied  nearly  four  years  in  all. 

To  convey  an  idea  of  the  vicissitudes  and  dangers  to  w\%\ch 
some  Indian  railways  are  exposed,  the  following  press  notice  of 
the  extraordinary  effects  of  an  earth(|uake,  which  occurro*!  tm 
December  J20Ui,  189^,  in  the  Quetta  district  and  aoutheni 
parts  of  Afghanistan,  will  be  nf  interest: — 'In  the  neiglibour- 
laxid  of  the  Khwnja  Amran  range  tlie  shock  was  very  seven;:  a 
tower  in  one  of  Hie  blockhouses  was  cracked,  some  wntls  wcri 
shattered  r  chinu]eyi>  were  &haken  down*  and  several  old  houid 
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luinl)k'il  into  ruiii«.  In  tlie  Kliojnk  tunnel  tin*  imiso  wii* 
deafenings  Ant]  workmen  cnp^ni^ei]  m  the  rotiHiig  were  tlm'«n 
tVom  their  perches  to  tijo  ground,  Tl)ere  was, lw»wevt* r,  notbiit}; 
vci-y  extruorJiaary  in  these  effects  ;  it  was  on  the  line  «f  rail- 
way hetwecn  Uie  tunnel  and  Old  Chanian  thnt  a  curioiu 
phenomenon  oeeurred.  At  niile  (From  Karachi)  four  or 
five  lerjgths  of  mil  were  found  to  Ijavc  liceti  bent  hy  ^Miing 
ojKned  out  sidewavN  while  all  the  joints  near  by  were  jammed 
up  tightly.  The  hent  rails  were  removed,  nud  the  work  nf 
putting  in  new  onen  was  pnaeedud  with.  What  was  thL' sur- 
prise of  the  eno;ineerA  to  thscover  that  the  measure  was  less  liy 
!i  feet  6  inelies  than  the  orirt;tnal  length.  This  was  dnt'toa 
eriirk  or  *  slieer**  which  crossed  the  ntilway  hank  at  an  tiu^k 
ahont  18  degrees,  exactly  at  the  place  where  tlie  track  Iw^' 
been  contracted.  Tliis  crack  beans  a  little  east  of  the  moriflirui, 
jwisst^  through  the  old  ba/aar  near  Chaman  Fort,  and  ommlinR 
to  native  reports,  extends  across  the  main  range  of  the  Kliwnja 
Amran  eighteen  miles  away.  1'he  fact  clearly  eKtablinlied  bv 
tile  sliortening  of  the  railway  track  (s/iys  the  Pitntn  t  )  \h  that 
the  earth  s  crust  has  contracted  feet  in  the  vicinity  of  the 
Khojak.  This  will  he  good  news  for  thow*  scientists  who  an; 
on  the  watcli  for  facts  to  support  the  theory  of  llie  gradual 
contraction  of  the  eartli.  Tlic  evidence  is  indisputable,  anil 
the  photograplis  taken  on  the  spot  8bow  exactly  how  the  ntil' 
were  twisted  out  of  the  .straight.  One  rather  shrinks  from 
thinking  what  the  effect  on  the  Khojak  tunni  l  would  biTC 
l)ecn  had  it  eomc  within  tlie  destructive  action  of  tlie  shock.* 

The  total  length  of  the  whole  North-wcistcrn  system  of  Stale 
raiUvaye  at  the  end  of  the  year  1891  was  $2^M)S  miles,  inrlutJ- 
ing  miles  temporarily  made  over  to  the  I^Iusbkaf  Ik^laii 
Itailway,  and  11  miles  constructed*  but  not  working.  The 
system  is  adnunistcred  entii'ely  by  the  State,  and  includes 
considerable  mileage  of  non-commercial  frontier  railwavs  con- 
structed and  niaintiiined  as  a  portion  of  tlie  military  defence  o 
the  empire.  The  kind  and  weight  c»f  the  permanent  way  ovc 
such  an  extensive  system  nf  lines  varies  considornblv.  bti 
68  lbs.  doid)le-heatled  steel  rails,  and  75  lbs.  flat-footed  s\ 
rails  are  the  nM)st  commonly  used  for  renewals,  hu<l  on  sleqar 
of  cast-irutu  wrought  iron*  or  wood  in  different  situation" 
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otnl  cnpit/il  ^iiitlav  oil  ihv  wliojc  North-weRtcrn  system 
f  railwaja,  excliisivL*  of  fetuani  ferries  and  suspense  items,  is 
Iren  ««  R*.  33i}3^4fi,055,  or  38J  millions  sterlings  at  par  of 
xchange,  or  an  averac^o  rate  of  Us,  1,59|.757  per  mile  of  voaiL 
An  early  and  important  trunk  lint  of  railway  on  the  *itant!nrd 
au^  IB  that  belonginj^  to  the  '  DomlMvy  Barotia,  and  Central 
tuiiji  Hailway  Company/  This  railway,  4-60^  miles  long  in- 
luding  brandies,  with  ijO  miles  of  double  tmck,  extends  from 
be  Bombay  termtmis  at  Colaba  to  Ahmedaliad,  mid  effectn  a 
jnetion  with  the  Uajputana-Malwa  State  llailway  of  metru 
auge^  extending  theiieL*  to  Af^ra  and  Dellii.  The  latter  rail- 
%y  has  l>e<;u  lease<l  to  the  Company  from  the  1st  January 
HS  to  the  'iOth  June  1900.  Sona-  portions  of  the  Romlmy 
|PDJa,and  Central  India  Railway  were  opened  as  early  a^  the 
csr  I860,  and  the  system  has  sinee  graduallv  expanded  to  its 
i-eik'ut  dimensions.  The  line  runs  northwards  from  Bombay 
ia  Surut  in  cUtsu  vielnity  to  tlie  eoiLst,  in  aeeordance  with  the 
fsteni  of  coast  lines  originally  advocated  by  Colonel  Kennedy, 
n  whieli  reference  bus  been  made  in  a  previous  ehapter.  The 
rindpal  engineering  works  on  the  railway,  whieh,  however, 
ontAins  many  of  considerable  seeondtiry  iin|K)rtnnee,  are  the 
uuiuet.s  over  tlie  Nerbmlda  find  Tapti  rivers. 

The  bridge  originally  construeted  over  the  Nerbudda  was 
ariouMly  injured  by  a  H^kkI  in  tlie  year  lS7f).  The  structure 
j^repatred  and  ntaitdained  for  some  little  time,  but  was 
||nually  replaeed  l>y  an  entirely  new  vi*uluct,  which  was 
peord  in  1881.  The  new  viaduet  is  con^ttructed  with  piers 
>r  a  double  nmd,  antl  eonsists  itf  twenty-iive  spans  of  IBliJ  feet, 
iirh  earrie<l  at  a  height  i>f +Hi  f^•^-•l  above  low  water,  and  with 
)undationi4  7<i  ft-et  below  the  same  point.  The  total  length 
f  the  work  is  46HTi  feet,  and  it  was  completed  at  a  etist  iif 
iJ7,75,75y.  The  Tapti  viaduct  is  a  Mnaller  fitruttme, 
thirty  t*[>an»  of  60  feet  each,  carried  at  50J  feet  aliove 
sr.  The  greater  portion  of  the  ixTmaiient  way  on  the 
Banxla,  nu<l  tVntrnl  India  Railway  system  is  hiid  with 
uulile-hea<Ied  raiU  weighing  68  and  69  ILm.  per  yard,  on 
'  lir|H"nt,  iron  sltepei-s  licing,  however,  used  for  renewalii, 
Lliwurkh  titv  generally  for  a  single  line,  but  Itie  piem 
Imlnienta  of  bridges  an*  nuule  to  carry  a  double  track. 


rUBLIC  WORKS  Ol*  INDIA 


Tlio  Rajputaiiii-Malwa  Strttt-  Railway — ivliicli  is  a  metre 
gaii^e  svi*tcin  uf  lines,  aj^gregiitin^,  witli  bmnches,  1(>74  iiiilfj 
in  lengtli — represents  the  first  and  only  important  tmnlt 
systfin  construpfcecl  on  that  gauge  in  Iiuiia.  Tlte  iitiiin  \inv 
cxtt'tids  from  Ahnieilaliad,  Ajmere  ami  Jcvpore,  to  Di'Hii 
and  Agra^  and  has  numerous  ini])ortnnL  bmncliL'.%  or  coiiniHrtcd 
narrow-gauge  lines.  Tlie  firvt  section  operii'd  for  traffic  wat 
from  the  Delhi  entl  in  the  ycKV  1873.  The  line  is  coithtrudid 
for  a  single  track.  Sufficient  land,  however,  is  occupial  In 
ailmit  of  another  line  of  rails  being  laid.  The  rails  t>ngiuaih 
used  wen.'  36  il)s.  ixml  40  Ihs.  weight  per  yard,  laid  on  wiHHicn 
cross  sleepers.  Thi?  36  lb.  iron  rails  have  nearly  all  lKH^l 
replaced  by  steel  rails,  weighing  41 J  lbs,,  an*!  steel  rni U  nf 
50  lbs.  section  arc  now  used  for  renewalfi  on  certain  Icui^tlis, 

The  principal  structures  on  the  Ilajputana-Mnlwa  Sbil* 
railway  are  the  bridges  over  the  Ncrbudda,  and  over  tlif.huiinii 
at  Agra  and  IMnttra.  Important  bridges  aUo  occur  over  thr 
Hangunga^  Shalhis,  Dliund^  AnnuiTshah  and  8ipra  rivers— the 
latter  consisthig  of  siv  .spans  of  150-feet  girders,  on  maj*onr_v 
piers,  and  there  are  heavy  works  on  the  aKieiit  of  l.he  VinJhva 
range  of  hills,  and  on  that  of  the  Aravalli  range  west  of 
Ajmcre.  The  viaduct  over  the  Nerhudda  ia  a  fine  structure, 
consisting  of  fourteen  spans  of  183  feet,  carried  at  a  height  of 
80  feet  above  low  water,  costing  lU.  lHw3,S)i!5.  The  briilgc 
over  tiie  Jumna  at  Agra  has  sixteen  spans  of  1S3  feet  each,  with 
foundation  of  piers  70  feet  deep,  and  that  over  the  same  rivenit 
Muttra  has  seven  spans  of  150  feet,  with  pier  foundation*  suiik 
71  feet  below  low  water.  The  cost  of  those  Jumna  bridges  W 
lU  lH,Jj.S,S77  and  Us.  8,49,000  respectively. 

The  two  mo$t  recently  Hni^hed  standard-gauge  trunk-line* 
now  open  for  traffic  in  India  are  the  Uengal-Nagpur,  and  the 
Indian  Midland  railways,  both  constructeil  by  companies.  Tlie 
liengal-Niigpur  main  line  extends  from  Asanol  (132  miles  wcfit 
of  Calcutta  on  the  Kast  Indian  Chord  line)  to  Nag|)ur,  t!i« 
chief  city  of  the  Central  Provinces,  where  it  cimnects  with  the 
Great  Indian  Peninsula  Railway  from  Donihay.  It  conn'- 
t|uently  completes  an  imjmrtant  direct  conmuuiication,  l!?7Si 
miles  in  total  length,  between  the  two  capital  cities  of  Luiia,  via 
Bombay  and  Calcutta.    The  main  line  of  tlie  Bengal-Nagpu 


nuiway  is  fi97  milrs  Uw*^^  and  inrluding  tlic  nniaria-Kdhii 
Stiite  !im\  taken  over  hy  the  coiupauy  iu  1888,  the  system  has 
a  total  mileage  ofKGOJ  miles.  From  the  Nagpiir  end  the  first 
l-taj  niilc'*  of  the  line  was  originallv  cotjstructeii  ns  a  prtniucial 
-State  railway  on  tlie  metre  gauge.  This  length  was,  liowever, 
anivriiod  to  the  standard  gauge,  when  the  extension  of  the 
Hue  to  join  llie  Kast  Indian  railway  near  Calcutta  was  under- 
Uikeii  h\  a  companv.  The  eonverted  leiigtli  from  Nagpnr  to 
Kaj  Nandgaon  was  nj»ened  in  Novemher  1888,  and  the  new 
Irunk  system,  wliieh  wixn  i>|K'ned  in  sections,  was  completed,  in- 
eluding  nearly  all  its  hranehes,  early  in  1891. 

On  the  main  line  the  permanent  way  consists  af  7J>  Ihs,  flftt- 
fu<ited  steel  rails  laid  on  transverse  steet  sleepers.  There  is  a 
*^ood  deal  of  heavy  hridge^work  on  the  railway,  the  two  largest 
structures  l)cing  that  over  the  Sheonath,  consisting  of  fourteen 

fiirde^s|>ans  of  150  feet  eaeli,  and  over  the  Danutda,  of  two  spans 
flOO  feet,  and  ten  of"  SJOO  feet  each.  Two  important  tuntieln 
al»r>  occur  on  the  system,  viz.  the  Saranda  tunneU  1641  feet 
btigf  through  rock  and  rocky  shale,  costing  over  7J  lakhn  of 
mpcc»,*  and  the  Bhortonck  tunnel,  lOOt)  feet  long,  through 
hard  rock  inter&perseil  with  veins  of  quarbi^  coating  over  ^ 
takh->  of  rupei's. 

The  Indian  Midland  liailway  is  an  important  fiVhtetn,  com- 
[triffing  6T7i  miles  of  standard-gauge  lines,  the  main  trunk  of 
which,  miles  in  length,  extends  fnnn  Hhopal  (where  it  is 
in  conmiunieation  with  Honihay  by  the  Mhopal-Itarsi,  and  Great 
Indian  Peninsula  railways),  rid  Jhansi,  to  Agra.  A  branch, 
MM)^  x^^]\^'^s  u\  length,  extend*  eastwards  from  Jhnnsi  to  Aljmik- 
pur,  on  the  Juhhulf>ore  branch  ot  the  La.st  litdian  liailway. 
From  Jlnmsi  also  another  branch,  135J  miles  long,  extends 
nwrthwrmls  to  t'awnpore,  and  a  nhort  hratieh  of  -WJJ  miles  runs 
from  Hina  to  Saugor.  ^^[le  liiifi|»Hl-Itarsi  State  line,  of  57  niilejs*  is 
Worked  by  the  company,  and  the  system — which  was  virtually 
_'mpleteil  bv  the  end  ttf  the  year  188D — endiniees  se%eral 
roject*,  initiateil  and  partly  or  entirely  constructed,  by  the 
State,  the  whuU' lieing  taken  over  and  worked  under  omtnu  t 
by  Cli«  Indian  Midland  ilailway  Con)])any. 


'  The  work  if  noi  quite  ^nUhctl  ( 
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The  main  line  and  branches  of  this  railway  are  constructed  for 
a  single  line,  with  fiat-footed  steel  rails  weighing  80  lbs.  to  the 
yard,  laid  on  oval  pot  sleepers  weighing  SO^lbs.  each  (except  on 
the  length  from  Cawnpore  to  the  Jumna  near  Kalpi — where 
the  rails  are  of  75  lbs.  section).    There  is  a  large  amount  of 
bridge-work  of  an  important  and  costly  character.   The  bridge 
over  the  Chambul  river  (opened  only  in  May  1891)  consists  of 
twelve  spans  of  186,  and  two  of  136  feet,  carried  at  the  great 
height  of  112J  feet  above  low  water,  with  pier  foundations  75 
feet  below  the  same  point.  The  cost  of  this  work  was  3^,71,035 
Rs.    The  bridge  over  the  Jumna  at  Kalpi  (constructed  by 
the  State)  consists  of  ten  spans  of  250  feet  each,  placed  76^  feet 
above  low  water,  with  pier  foundations  sunk  90  feet,  and  cost 
Rs.  ^,27,545.    There  are  two  bridges  across  the  Betwa  river: 
one  (Manikpur)  opened  in  1889,  has  thirteen  spans  of  150  feet, 
witli  one  of  60  feet,  carried  at  77}  feet  over  the  lowest  water— 
the  other  (Laltipur)  has  nine  spans  of  150  feet.   These  bridges 
cost  Rs.  13,95,181  and  Rs.  7,64,672  respectively.    The  bridge 
over  the  Ken  (Banda)  has  twelve  spans  of  100  feet  each,  aiid 
one  of  250  feet,  carried  at  66  feet  above  low  water,  and  cost 
Rs.  7,36,008.     Besides  these  bridges  there  are  numerous 
others  of  considerable  size.    Between  Jhansi  and  Gwalior  some 
heavy  rock-cuttings  over  the  Antri  pass,  with  a  bridge  of  nine 
spans  of  100  feet,  and  one  of  60  feet,  over  the  Sindh  river.  On 
the  Bina-Saugor  branch  the  ruling  gradient  is  1  in  100.  On 
tiie  main  line  the  ruling  gradients  are  1  in  200,  and  1  in  160, 
and  from  Jhansi  to  Manikpur  1  in  125. 

The  principal  centre  of  the  Indian  Midland  Railway  is 
situated  at  Jhansi,  from  which  place  four  separate  lines  of  rail 
radiate  in  different  directions.  The  large  railway  staff  of  all 
departments  here  collected  forms  a  very  considerable  civil 
population,  and  in  order  to  provide  water,  both  for  the  railway 
locomotives  and  works,  and  for  the  staff*  of  employes,  some 
extensive  water-supply  arrangements  became  necessary.  The 
yearly  rainfall  in  the  Jhansi  district  is  comparatively  low  ami 
fluctuating,  and  it  was  considered  advisable  to  provide  a  sufti- 
cient  storage  of  water  to  meet  all  the  demands  of  the  railway 
during  several  years  of  deficient  rainfall.  For  this  purpose  a 
storage  reservoir,  covering  150  acres  of  ground,  and  containing 
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million  gillbilB  of  water,  has  heen  constructed  near  the 
illage  of  Guddia,  situated  abodt  4  miles  west  of  Jhaasi  statiun, 
y  throwing;  a  weir  ucross  the  IVhooj  river,  where  it  passes 
ugh  a  gap  in  the  granite  bills^  and  it  is  calculated  that  thb 
roir  will  be  sufficient  to  meet  all  tlie  demands  of  the  rail- 
diiring  a  peritjd  of  lliree  successive  years  of  minlmuin 
l^nfall.    The  reservoir  deptinUs  for  its  supply  ou  a  catchnjeiit 
of  84  sijuare  miles;  and  4  inches  of  rainfall  on  this, — 
HroWing  for  absorption,  etc. — is  estimated  tt>  be  sufficient  to 
^^tlie  reservoir. 

^■he  main  weir,  which  is  6^0  feet  long,  and  34  feet  high, 
PRKve  the  bed  of  the  river,  is  founded  on  solid  rock ^  and  is 
built  of  masonry  throughout.  It  has  been  made  of  siiHident 
Isvction  to  allow  for  its  future  raising  if  necessary.  At  the 
jnorth  end  the  weir  abuts  on  the  rocky  We  of  the  hill.  At 

k south  cad  it  terminates  in  a  substantial  abutment,  raised 
above  the  highest  water-level,  on  which  the  boilers  and 
ping  niacliinery  are  placed.  In  continuation  of  the  ntain 
iweir,  behind  the  abutnient,  and  connecting  it  with  tl»e  face  of 
jlJie  tiill  which  bounds  the  n'servoir  on  the  soutlu  \&  a  massive 
Hmnd  or  embankment,  7*iO  feet  long,  ou  which  the  delivery 

iuiiiin  in  carried.  TJds^  bund  is  constructed  of  eartliwork. 
Three  hundred  feet  down  stream  is  a  secondary  dam,  designed 
to  beatl  up  llie  water  and  form  a  cushion  for  the  overHow  itf 

Er  from  the  main  weir,  Tlie  pumping  nuiehinery  is  ealcu- 
to  deliver  Ji4,<HK)  gallons  of  water  per  hour,  direct 
jgb  4  miles  of  9'inch  main,  to  a  heio;bt  of  87  feet,  inti»  a 
Singh  Rcrvice  reservoir  constructcil  at  Jhaiisi,  from  which  the 
iUistribution  takes  pliicr  by  gmvitation.  This  system  of  railway 
■Mer  supplv  hfw  Uh-mi  ecuistrueti'd  at  n  rost  of  y,'JS2,tHHl  Hs, — 
H^'J^^OO  at  p.s.r  of  exchange. 

Oti  the  17th  March  i>f  the  current  vcar  a  large  niil- 

wav  bridge  on  the  new  *  E(L*»t  Coast  Hallway,'  now  in  course,'  of 
lironst ruction*  was  opened  for  traflic.  This  itnjMjrtant  bridge— 
Iwhich  erua-nes  the  river  Kistna  at  IJc/vatla,  and  is  the  largest 
tints,  litLs  cKTupicil  three  years  in  construction.  It  eon- 
of  twelve  girder  spans  uf  .'JtK*  fett  each,  carried  on  piers  of 
masonr)'.  The  Ivist  (VKk»t  Kailwav  of  sUuidartl  giiuge, 
when  entirely  coinpleteil,  connect  Madras  with  Calcuttn 
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and  will  considerably  shorten  the  journey  between  tlie  two 
cities.    The  portion  of  it  at  present  under  construction  has  a  ; 
length,  with  branches,  of  516  miles.  ' 

No  allusion  has  been  made  in  this  volume  to  the  lines  of 
railway  constructed  in  Burma ;  these  being  outside  the  limits 
of  India.  In  concluding  the  present  chapter,  however,  it  may 
be  of  interest  to  give  a  few  particulars  regarding  the  railways 
in  that  province.  The  Burma  railways  are  all  of  the  metre 
gauge,  and  emanate  from  the  port  of  Rangoon.  The  '  Irra- 
wadi  Line,'  161  miles  long,  extends  from  Rangoon  to  Prome, 
and  is  laid  with  steel  rails  of  50  lbs.  section  for  a  distance  of 
(9  miles  of  which  are  double),  and  beyond  with  rails  of 
40  lbs.  to  the  yard.  The  bridging  is  heavy,  owing  to  severe 
floods  from  the  Irrawadi  river.  The  'Sittang  Line'  runs  166 
miles  from  Rangoon  to  Toungoo,  and  is  laid  for  a  single  track, 
with  steel  rails  of  41  ^  lbs.  section  on  wooden  sleepers.  The 
bridging  is  especially  heavy,  there  being  15,730  lineal  feet  of 
waterway,  or  an  average  of  over  94  feet  per  mile  of  line. 
From  Toungoo  the  *  Mandalay  Line '  extends  2S0  miles  to  the 
latter  city,  and  is  laid  with  steel  flat-footed  rails  of  50  lbs.  to 
the  yard.  There  are  seven  important  bridges  on  this  length, 
each  with  three  or  four  spans  of  100  to  150  feet.  The  '  Mu 
Valley  Railway '  has  been  carried  for  53  miles  north  of  Man- 
dalay, and  is  in  course  of  construction  for  a  further  ^1^  miles 
to  Mogaung. 

The  total  mileage  of  railways  open  for  traffic  in  Burma,  in- 
cluding branches,  at  the  end  of  March  189S,  amounted  to  630 
miles.  The  Irrawadi  line  to  Prome  was  opened  in  the  year 
1877.  The  Sittang  line  to  Toungoo  in  1884-85 ;  and  the 
extension  to  Mandalay  was  completed  in  the  year  1889. 


CHAPTER  XIII 


CKXKttAl.  WOBKIXa  RESULTS  AKD  STATISTlCfl — COKCLITSIUN 

Milcacc— Ca|jilal  cost,  anrl  working  results  pf  iDdian  railways— Value  and 
i:x.icti(ui)c  of  Indmn  rnitway  statistical  returns — Growth  of  the  tndun  riul' 
way  system— The  stuDtlnrd  gauge— First  departure  from  it— Introduclioo  of 
(lie  mrue  gauge — Prineii^lly  confiaed  lo  feeder*— Special  gauges — Change 
uf  jwUcy — Assisted  coin  panics— Mi  I  cage  and  respective  Bruges  of  liitlinni 
railways  hy  quinquennial  periods — Gos^il^eation  and  mileage — Capital  out^ 
l«y  and  cost  per  mile — Kcasons  of  difference  in  milejigc  cost  of  itfttidard  and 
invlrc  gxugi:  linesi — Working  results — Cross  camings — WorkinR  cxpcuMi — 
Percentage  of  wniking  cKpcmes  tn  gross  conilngs^ — Net  earnings — Rcluin 
on  the  whole  capital  ca:]K:nditun? — Passengers  And  j^oods  traffic^ — Main  re- 
s)Dll»--ClBsses  of  vehicles — Rates  and  fares — Early  introducUgn  of  two 
cksses  only — Ta^enger  and  gmnh  rolling  stock — ^Di&trihution  of  persons 
employed — Native  tni*inc-drivctii  and  shunters — Accident  returns — Fuel 
Mjjjply — CnTiswmption  of  fuel — Indian  coal — Centralised  adiuinUtralion  and 
control  of  Indian  railways — Advsniagi^  to  lntlla^Im}>Cffect  powers  of  the 
Bonnl  of  Trade  in  England — Concluding  remarka. 

It  is  now  time  to  convey  as  hrieHy  iis  possibl*?  to  the  rcatler,  a 
^DiTnl  iilea  of  the  whale  extent  of  Ihe  Indian  railway  Ryutetn, 
and  hy  the  assistanee  of  such  statistk-al  iletails  as  niav  l>c  of 
jpcniTal  interest^  to  itidiaite  ^onm  of  the  principal  data  rei^pi.'ctin^ 
the  mileage,  eapital  cosst,  and  working  resnlts  of  Indian  rail- 
ways, considered  as  a  whole*  and  to  note  their  excet*t|in^  valne 
and  importance  to  the  Goveninient  and  peoples  of  India.  In 
doing  ihhy  it  will  be  unavoidably  necesBivry  to  make  uhc,  to  r\ 
certain  extent,  "f  figures,  and  tabular  statements.  expreH^ive  of 
f|uaiitities  and  vainer,  for  whieli  the  iiululgence  of  the  ivader 
iji  craved. 

It  would,  ns  a  preliminary,  be  a  matter  of  very  considerable 
intercut  to  illit.slrule  in  mhuc  detail,  the  very  a<hniml}le  and 
indfomi  manner  in  which  Indian  ruiUay  account*  and 
Ktatintie^i  i>f  ull  kinds  are  plaml  b**r*>re  i\\v  ptd>tic,  hh  well  a* 
the  %'cry  perfeet  and  minute  »ystcni  of  external  tinancial  con- 
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trol  exercised.  In  these  respects,  Indian  Railway  administra- 
tion has  perhaps  from  the  very  beginning  been  well  in  advance 
of  that  in  any  other  country  of  the  world,  and  notwithstanding 
the  unfortunate  circumstance  that  statistical  details  of  expen- 
diture are  somewhat  complicated  by  the  unavoidable  inte^ 
mixture  of  two  standards  of  value,  and  that  some  apparent 
confusion  is  occasionally  created  by  the  non-coincidence  of  the 
financial  and  calendar  years,  it  would  not  be  too  much  to  say 
that  the  railway  statistical  returns  of  all  kinds,  published  and 
exhibited  yearly  under  the  system  enforced  by  the  Indian 
Government  are,  on  the  whole,  more  perfectly  clear,  exact, 
and  valuable  for  every  purpose  of  record  and  comparison,  than 
any  similar  returns  that  have  yet  been  elaborated  by  any  rail- 
way or  Government  authority  in  existence.  It  would,  how- 
ever, be  impossible  to  indicate — even  in  outline — within  the 
very  limited  compass  of  such  a  volume  as  the  present,'  dealing 
as  it  does  not  only  with  railways  but  with  every  variety  of 
public  works — the  system  and  principles  on  which  the  elabo- 
rate accounts  and  comparative  statistics  of  Indian  railways  are 
compiled  ;  the  attempt,  moreover,  would  be  a  trespass  on 
ground  of  too  special  and  technical  a  character. 

Initiated  on  the  18th  April  1853,  with  the  opening  of  the 
first  section  of  the  Great  Indian  Peninsula  Railway,  between 
Bombay  and  Tannah,  a  distance  of  20J  miles,  the  Indian  rail- 
way system  has  steadily,  and  with  a  judicious  rate  of  progression, 
expanded,  until  its  total  mileage  open  for  public  traffic,  is  now 
practically  equal  in  extent  to  that  of  the  United  Kingdom. 
Including  all  classified  denominations,  and  gauges  of  line,  the 
mileage  of  Indian  railways,  on  the  31st  March  1892,  reached 
17,564  miles,  of  which  1116f  miles  only  were  laid  witli  a 
double  track,  and  extensions  equal  to  nearly  1700  miles  wen? 
in  course  of  construction. 

The  gauge  of  all  the  earlier  lines — which,  as  we  have  seen, 
were  constructed  by  companies  working  under  a  fixed  Govern- 
ment guarantee,  was  originally  established  at  5  feet  6  inches, 
and  this  still  remains  the  '  standard '  railway  gauge  of  India. 
The  first  de|>arture  from  it  was  in  the  year  186*%  on  the  opening 
of  27i  miles  of  a  railway  on  a  special  gauge  of  4  feet,  built  by 
the  'Indian  Dranch  Railway  Company;''  afterwards  the  Oudh  and 
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Uuliilkiiiitl  liuihvtiy  Com pHiiy^  between  NvHlluili  t\\u\  A/iiii^iufi^ 
in  thv  Nortli-woAt  Provintes*  This  lino  remains  a  sol'tar^' 
iii»tniiiv  ill  Imliii  of  a  milwav  constructed  on  tlmt  flfttf^^i?.  In 
tltt'  year  1H(J4hj  a  lim*  from  Arkomiiii  to  Little  tVmjovarani,  in 
Mtidnui,  wiw  built  l)V  the  *  Indian  TraniwHv  ^VnnpHtiy,*  under  a 
&ul)hidy  ^iysteni,  on  tlie  S  feet  fi  iHehes  gi^n^e.  I>^it  ^k'*^'^  after- 
U|uds  i"  coinertetl  to  a  width  of  one  metre,  or      ft*f  t 

^HhicheR. 

^niie  idea  of  anperseifhip;  Uie  5  feet  0  inehes  gaun;e  i>nj;inidl^ 
I  aiioptetl  fur  Indian  raiiwayft,  hv  the  eonstruetion  (d'  lines  of  a 
[  narrower  and  ligliter  description,  wliii'[»  could  1h?  oJK■nc^l  witli 
I  j^roater  nipiditv,  ami  at  a  Ichk  initial  cost,  liad  liern  frequontly 
iiiootetK  but  in  t]»e  year  IHTO^at  a  time  when  alamt  4(K)0  nnles  of 
main  trunk  lines  on  tl)c  standard  ^aiige  had  i)ccn  coiistrncted, 
the  re<'omineru!ation  that  a  narrower  width  should  be  em- 
ployed in  tin*  cftfle  of  all  future  lines  of  raihwiy  wan  nuule  by 
Um?  Viceroy  and  Governor-General  of  India,  and  Huppurtcil  on 
the  groini<l  of  eeonoinv.    The  Indian  Govenimrnt  antlnnities 
oune  to  thf  conclusion  that  a  ^aiii^e  of  3  feet  (i  inches  was  the 
m&ximnni  that  fihould  be  used  in  the  future,  hut  the  precifte 
(linietiKiou  w/is  left  for  determination  in  En^lantl,  and  a  com- 
mittee wah  apptPinted  to  consider  the  wiljject,  with  the  result 
tlmt  ft  K'^nR*?  of  8  feet  31  inches,  or  one  nietn*  in  width,  wiw 
accepted  a"*  the  ^an;;e  for  fntnn^  railways,    'I'his  diTinion  led 
to  a  nientorahle  coiilrovcrHy  between  the  advociilcs  for  ad  her 
eiioe  to  the  original  broader  i^an^e^  and  for  strict  unifonnity  in 
thU  particular^  and  tlmse  who  contende<l  that  the  evils  of  a 
jJiuak  of  ^auge  had  lH?en  greatly  exaggerated,  and  t  hat  the  eir- 
^^H(tittico»  of  India  were  such,  that  the  country  was  pmctically 
^Wistrained  for  tlie  future  to  \w  ecmtent — eitiier  with  a  narrower 
uch  cheaper  kind  of  railway  than  heivtofort\  or  Nuhniit  to 
u«  diminution  in  the  rate  of  development  and  pro- 
»  a  coniplete  railway  system. 

n1  and  lengthened  discuHsion— which  cmulatwi  the 
ted  '  liattle  of  the  gauges/  fought  out  in  the  early  dav-s 
ngli^h  piilwavs,  when  Urunel  introchirrd  an  allcrrtl  gauge 
on  the  Givat  Wcfetern,  was  attended,  however,  w  itb  little 
imrof*diute  mlvantjige  bcymid  pimping  on  record  the  vicwa  of 
contending  parties,    'i'he  Go\'emmciit  of  India  hftd,  in 
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fact,  come  to  a  decision  on  tlie  subject ;  the  metre  gauge  was 
introduced  into  the  country,  and  in  the  year  187S,  91 J  miles 
of  a  trunk  line  (eventually  extended  to  1261  miles),  viz.  the 
Rajputana-Malwa  State  Railway,  was  opened  for  traffic.  From 
this  date  the  construction  of  metre  gauge  lines  in  India  fias 
steadily  progressed.  They  were  introduced,  on  the  score  of  an 
urgent  economy,  as  the  future  type  for  all  Indian  railways ;  but 
notwithstanding  the  supposed  inability,  in  1873,  of  the  countrj 
to  continue  the  construction  of  the  more  perfect,  and,  in  con- 
sequence, more  costly  standard  gauge  lines,  the  relative  length 
of  railways  on  the  two  gauges,  built  from  the  year  1873  to 
1892,  inclusive,  have  in  round  %ures  been  as  follows — broad 
gauge  lines  5000  miles,  metre  gauge  lines  7000  miles.  The 
main  trunk  routes  having  been  originally  made  on  the  broader 
gauge,  its  continued  use  in  a  large  number  of  cases  became  a 
practical  necessity,  and  India,  although  it  has  reaped  some 
possible  advantages  in  the  possession  of  a  greater  total  mileage 
of  railways  than  it  might  otherwise  so  early  have  enjoyed,  has 
had  to  submit  to  whatever  evils  may  have  resulted  from  a  break 
in  uniformity. 

With  the  exception  of  the  Rajputana-Malwa  State  Railway, 
the  metre  gauge  lias  been  practically  confined  to  feeders  of  the 
larger  lines,  or  to  more  or  less  isolated  systems,  and  it  is 
probable  that  the  evils  of  want  of  uniformity  of  gauge  will  be 
very  greatly  mitigated  or  removed,  when  the  aggregate  of  these 
lines  or  systems  throughout  India  are  connected  together  in 
such  a  manner  as  to  form  a  complete  internal  network  of 
narrow-gauge  railways,  subsidiary  to,  and  working  within,  a 
main  framework  of  trunk  lines  of  the  heavier  description. 
There  is,  in  fact,  room  in  India  for  both  kinds  of  railways. 
In  more  than  one  case,  however,  injudiciously  located  metre 
gauge  railways  have  been  converted,  almost  on  the  eve  of  com- 
pletion to  the  standard  gauge,  and  the  conversion  of  the 
Rajputana-Malwa  trunk  line  itself  has  been  powerfully  urged. 
Moreover,  the  economy  and  advantage  of  the  continued  em- 
ployment of  the  metre  gauge,  even  for  feeder  lines,  is  still 
seriously  called  in  question  by  many  persons.  In  addition  to 
the  metre  gauge,  a  small  mileage  of  lines  of  special  abnormal 
gauges  have  been  constructed  in  various  parts  of  India,  under 
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|>eri]]iRr  or  local  couditiuiis,  Itut  tlic«c  lines  iu  no  way  aU'ect  the 
general  railway  system  of  the  country. 

With  re^iini  to  tht'  coiihtriK-tioii  of  railwava  gfiuMaliv,  in 
the  yttiv  18(39  ft  new  policy  was  inaugurated  by  tlic  Iiulian 
CJovcrnment.  The  earlier  system  of  guarantee  was  ahro^atnl 
iin  et'ononiical  groinuls,  and  it  was  dettTuiined  thencefarward 
to  lur^'ly  or  entiri'ly  coiistriK't  Indian  railways  liv  dim't 
Croverutnent  agency,  Subsequently)  however,  the  policy  of 
constructing  new  lines  by  the  aid  of  uRsisted  coinpaniei; — 
working  under  nradified  terms  more  favourable  to  the  State 
has  been  resorted  to,  and  io  one  caae,  viz,  that  of  the  Bengal 
and  Niirth- western  Metre  Gauge  Railway,  a  line  has  been 
constructed  by  a  limited  liability  com|jany,  with  a  fi*ee  gift  of 
land,  but  no  guaraittee. 

'Hu'  niileixge  and  respective  gauges  of  Iiulian  railways, 
together  with  tlio  rates  of  construction,  from  tfie  coninienco- 
cncnt  down  to  the  31st  March  18952 — a  period  of  practically 
thirty-nine  yenrs^  ean  be  best  e\hibite(I  in  the  fortn  of  the 
following  table,  showing  the  length  of  lines  opened  in  the 
several  quinquennial  periods  from  1853  to  1892  inclusive-^the 
last  period  being  short  of  nine  months. 


Length  of  Lises  open  nuKiNc  QuixqcEKKUL  Pekiods — 
1853  to  189g. 


QaictqueDiiul  Peritxls. 

Gauge. 

Metre 
Gauge. 

Special 
Gauge. 

TutJtl  Mile* 

1853  10  1857  inclusive,  . 
in  1B63  „ 

tse?  to  1867 

1  iSoS  to  1S72 
1  1^7^  iM  iS77 

.ts-h   

t:-^;  1-  1SS7  

■  (Shh  to  1894  (31st  March),  . 

1965^ 
I493I 

6074 
I336J 
191? 
lossi 

Mi1«a 
* 

13244 
139^51 

2064^ 

Hil«t. 
• 

• 

m 

"3* 

30474 
1600} 

14331 
1552 

2B23i 

3187 

1    Total  Miles  mctuaUy  opeilt  . 

io,io3i 

7I71S 

2SSi 

17,564 

Lines  under  conslmction  or  Bonctioned  on  31st  M&rch  i892t 

Tola!  MilcQg^  open,  under  constmclion,  or  sanctioned  on 
31  &t  March  1&92,  ....... 

*  Oricmalty  *  Specif]  Gatijr,'  ifurwuds  converted!  ta  Melrt  OROfc. 
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It  will  be  seen  from  this  table  that  17>564  miles  of  railwtj 
of  all  classes  have  been  opened  for  traffic  in  the  thirty-nine 
years  previous  to  1892,  or  an  average  throughout  that  period 
of  450^  miles  per  year,  equal  to  an  average  rate  of  1'44  mils 
of  railway  per  working  day.  Excluding  the  first  quinquennial 
period,  the  maxtmum  mileage  was  opened  in  the  years  1883  to 
1887,  and  the  minimum  in  the  years  1868  to  1872.  Id 
addition  to  the  above  it  may  be  mentioned  that  there  were  va 
existence  at  the  end  of  1891-9S»  37}  miles  of  steam  tramways 
outside  municipal  limits.  The  classification  of  Indian  railways, 
and  the  mileage  worked  under  each  class,  on  the  31st  March 
lS9j^,  are  exhibited  in  the  following  table : — 


Classification  and  Mileage  of  Indian  Railways. 


Classification  of  Indian  Railways. 

Standard 
Gauge. 

Metre 
Gauge. 

Special 
Gauge. 

Toul 

State  Lines  worked  by  Companies,  . 

Miles. 

Miles. 

Miles. 
• 

Mites. 
8404} 

State  Lines  worked  hy  the  State, 

3491 

Ii46i 

63i 

4701 

Total  State  Lines,  . 

68o7i 

6234^ 

13.1053 

Lines  worked  by  Guaranteed  Com- 
panies,   

25881 

• 

• 

Assisted  Companies  

i84i 

'36i 

59 

379V 

Lines  owned  by  Native  States  and 
worked  by  Comjianies,  .  . 

399i 

122 

593J 

Lines  owned  by  Native  States  and 
worked  by  Stale  Railway  Agency,  . 

124 

• 

• 

124 

Lines  owned  and  worked  by  Native 

* 

62oi 

94 

mi 

* 

58i 

• 

sH\ 

Total  Miles,  . 

lo,  103} 

288^ 

17.564 

it  will  be  learned  from  the  above  table  that  the  State  owns 
13,105J  miles  out  of  the  total  mileage  of  17,564,  of  Indian 
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nuluTivs.  *VUi%  Icngtit  includes  several  importftiit  Hiil's  slicIi  as 
tlic  East  Indian,  the  Sclndc,  Punjab  aiitl  iJellii,  and  the  Oudh 
aiu)  Holiilkund  Uailwuys,  origimilly  fonstmeted  by  ^uamntt'iM:! 
companies  hut  sintt.'  acquired  by  the  Gnveninieiit  under  the 
contract  terms.  Tlic  comparatively  siiiaU  mi  leage  as  yet 
(>wn*Lil  hv  native  States  will  also  lie  remarked. 

The  total  capital  outlay  against  all  Indian  railways,  ineUid- 
iiig  that  incurred  on  collieries,  surveys  of  Iine»  ahandnnecK  or 
not  yet  hepin,  on  unfinished  lines,  steanilioat  services,  suspense 
fUTduntSj  and,  in  fact,  on  all  heads — up  to  the  end  of  Iht' 
i-alendju-  year  ISDl,  amounted  to  J2S3,7fj7  lakhs  of  rupees,  or 
over         millitnis  sterling  at  par  of  cxehant^e. 

Excluding  the  expetnliture  on  Lollieries  and  survey*  of  line* 
ahamlr>ned  nr  not  yet  iK'gun,  hut  including  nnftnislied  lines» 
sieaniba'it  berviees  and  SLis]>ense  aecountif^  tlie  total  capital 
outlnv  fimiiunted  to  22/i7(>  lakhs  of  rupees,  or  over  Sf26] 
millions  sterling  at  par.  Deductinrj,  however,  for  purpose*  of 
comparison,  the  ci>st  of  nnfinishetl  UiieSj  steamboat  st-rvices  and 
MihpenM?  accounts,  the  cnpital  outlay  on  opm  lines  4»f  railway — 
the  niilea^*  of  the  several  classes  opened  and  working;  at  tlie 
end  of  1891, and  their  average  cost  per  mile  were  us  follows: — 


CAi'iTAt  Outlay  ami  Cost  pem  Milk, 


Milr^  open  on 
3iul>ecr.  iSgi. 

Stiuiil&rc]  I'auge,  . 

10.04773 

Mi. 

], 62,696 

Mttrc  GauK<» 

6,946-68 

4,961,69,625 

71.4^5 

Spccul  Gauges,  . 

288*31 

86,11,182 

ToUl  of  kII  R:iil*ays 

llie  very  fjreat  difference,  as  exhihited  by  the  aluive  table^ 
l>ctwern  IIk*  co.hI  per  mile  of  the  Ktandard  gau^e  line*  and  that 
of  the  metre  and  special  jjnu^^cs  recptires  some  eonnttent.  It 
must  not  be  overlotjkeii  that  tlie  difference  is  very  lar^'t  ly  due 
to  the  infrriiir  wright,  it*  well  ilh  to  the  liniMh  and  equipment 

'2  l> 
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generally,  of  the  smaller  classes  of  railways,  and  to  the  com- 
parative absence  on  these  lines  of  engineering  works  of  the  first 
order  of  magnitude.  The  5  feet  6  inches— or  standard  gauge 
— railways  form  the  main  trunk  lines  of  communicatioo 
throughout  India;  the  metre-gauge  lines,  with  the  principal 
exception  of  the  Rajputana  Malwa  State  Railway,  are  for  the 
most  part  subsidiary  or  feeder  lines.  On  the  broad-gauge 
railways  from  11  to  12  per  cent,  of  their  total  length  is  laid 
double,  and  on  all  the  older  lines,  forming  a  large  proportion 
of  the  whole,  the  earthwork  formation  has  been  made  for  a 
double  track,  as  well  as  the  bridge  and  culvert  masonry  in 
many  instances.  On  the  metre-gauge,  however,  there  is  prac- 
tically no  double  line,  and  little  or  no  provision  for  doubling 
the  rails  has  been  made.  The  broad-gauge  railways  of  India 
are,  in  point  of  weight  and  quality  of  permanent  way,  ballasting 
and  fencing,  and  in  great  respect  also  as  regards  station  accom- 
modation, fully  equal  to  the  best  European  lines,  whilst  the 
majority  of  those  of  the  narrower  gauge  are  constructed  with 
light  rails  of  41|  lbs.  per  yard,  have  as  a  rule  a  minimum  of 
station  accommodation,  and  in  many  cases  are  unprovided — 
at  least  for^  many  years  after  opening — with  full  ballast,  and 
are  also  commonly  unfenced.  Many  of  the  lines  of  special 
gauge  are  still  lighter  and  less  finished  in  these  particulars — 
especially  in  station  accommodation — and  have,  moreover,  in 
many  instances  been  laid  on  ordinary  cart  roads,  with  works  of 
a  very  limited  kind. 

On  the  standard-gauge  railways,  nearly  all  the  heaviest 
engineering  constructions  and  works  of  special  magnitude  are 
to  be  met  with,  wiiether  as  regards  the  enormous  bridges  over 
the  principal  rivers  of  the  country — some  of  which  we  have 
illustrated  in  previous  chapters — or  the  splendid  and  costly 
mountain  roads  for  surmounting  the  Thul  and  Bhore  ghatSy 
on  the  Great  Indian  Peninsula  Railway,  and  the  difficult 
passages  through  the  mountains  of  Beluchistan  on  the  extension 
of  the  Sind-Pishin  Railway  to  Quetta  and  the  Afghan  frontier. 
On  the  main  trunk  routes  these  difficult  and  costly  under- 
takings had  of  necessity  to  be  encountered,  whilst  in  the  case 
of  the  majority  of  the  metre-gauge  lines — constructed  for  the 
most  part  as  subsidiary  and  feeder  railways — the  occurrence  of 
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speciullv  <lirticLilt  and  expensive  works  woiili!  at  ontv  liavv 
>efii  fill  t'Hrt'tUftl  bar  to  tlicir  original  cnustria-tiiMiJ  To 
rxemplify  tliia,  it  is  only  nec^essary  to  turn  to  tht?  tnlilt^s  of 
Ari^c  iiriclijcs  n.nd  tunnels,  given  in  Appendices  K  niid  li,  from 
^liit'h  it  will  Ik*  seen  in  the  ease  of"  imj>ortant  liridges  tlmt  f4>r 
the  sbimlwrd -gauge  lines  127,911  Uneal  feet,  or  mileB  in 
length,  of  large  britige-work,  costing  9i25,^5,(i0i  rii]>ees,  Imve 
been  jinniileil,  against  21,01'tJ  lineal  feet  or  Ilss  tliaii  4-  miles, 
^coittiiig  n(j,'l'2^982  rupees,  on  the  metre-gauge  tines,  whilst  on 
the  hitter  railway^i  no  tunnels  of  important  ^;ize  will  be  finind, 
dgnin.<>t  4/3,  KJl  lineal  feet  or  8g  miles  of  tunnelling,  costing 
150,4^,991  rupees,  which  have  been  necessitated  on  lines  of  tlie 
UndarJ  gauge.  Again,  the  average  age  of  the  gtaiulard-gaiige 
P|n<^Ays  greater  than  the  average  age  of  the  metre-gauge 
lines,  and  the  former  have  developed  and  earry  a  far  heavier 
tmllic.  Their  eapital  cost,  therefore,  iiuludes  a  much  larger 
proportion  nf  expentbtnre*  due  to  additions  and  improvements 
— »iil>se(pent  to  the  initial  outlay — to  meet  continually  aug- 
ting  r<.*qiiirements.  It  will  thus  be  seen  that  the  actual 
lal  ci>st  per  mile,  as  exinbited  in  the  table,  of  the  htittui 
and  metre  gauge  railways  of  India,  does  not  fairly  Represent  a 
comparison  under  similar  conditions  of  the  relative  mileagc- 
of  the  Iwo  descriptions  of  railway, 

uming  now  to  *  working  results':  the  gross  eartiings  on 
Indian  milwaya  for  the  calendar  vcar  1891  (the  liu^t  year 
r  which  tlie  information  is  available)  were  2404,02,790  rupees 
thi«  amount  76'50  per  ceul»  was  earned  hy  the  standard- 
e  lines,  U*Z'SH  |>er  cent,  by  tlie  metre-gauge,  and  the 
ce  of  0*5(i  per  cent*  hy  the  special-gauge  lines.  Hie 
lowing  tftble  sIhjws  the  distributimi  of  the  gross  earning!* 
r  the  main  heads  of  account : — 


n^/  •  Ituljfin  U.iilwaf$,'  ^^Y  1'-  J*  Waring.  M.LCK.,  vol.  ncvii.  AftM,  /V«f, 
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Gross  Ea&nikgs. 


Causes. 

Coaching. 

Goods. 

Hbcdtan. 
eous  and 
SteamboiL 

TotaL 

MUes 
Open. 

Gnu  Cm- 

Rs. 

Rs. 

Rs. 

Rs. 

Rs. 

Standard  Gauge, 

1240,38,024 

48,08,415 

1840,61,732 

10.047  "73 

18,31873 

Metre  Gauge,  . 

216,93,010 

3i3.59i&38 

19,58,026 

550,10,874 

6,946-68 

7,919-01 

Special  Gaugeti . 

6.93.3(H 

«7i5i3 

13.301x84 

288-31 

4.613':^ 

Totals— Rs. 

735i37»6ao 

1560,81,166 

67,84.004 

2404,02,790 

17,98273 

The  total  *  working  expenses'  on  all  railways  during  the 
year  1891  were  1130,38,471  rupees,  distributed  as  follows:— 

Working  Expenses. 


Gauges 

Working 
Expenses, 

MDes  open. 

WorluDg 
Expenses  per 
mile  of  railways 
open. 

Standard  Gauge, 

Rs. 
831,03,801 

10,04773 

8270  "go 

Metre  Gauge,  . 

290,82,250 

6,946-68 

4186-50 

Special  Gauges, 

8,52,420 

288-31 

2956*60 

Totals — Rs. 

1130,38.471 

17,282-72 

6540-60 

The  percentage  of  working  expenses  on  gross  earnings  on 
all  railways  taken  together  was  47*02  per  cent.,  distributed 
throughout  the  various  heads  of  service  as  follows  : — 


Percentage  of  Working  Expenses  on  Gkoss  Earnings. 


Gauges. 

Main- 
tenance, 
per  cent. 

Loco- 
motive, 
per  cent. 

Carriage 

and 
wagon, 
per  cent. 

Traffic, 
per  cent. 

General 
per  cent. 

Steam- 
boat  and 

Miscel- 
laneous, 
per  cent. 

Tout 
per 
centagc 

Standard  Gauge, 

12-64 

15-09 

4"36 

6-87 

4-05 

214 

45'i5 

Metre  Gauge,  , 

13-69 

17-79 

4-21 

8-06 

693 

2*19 

52-87 

Special  Gauges, 

14-94 

20-40 

6-o8 

II -oS 

973 

I -Si 

64-08  1 

Totals, 

12-89 

1574 

4'33 

717 

474 

2-15 

47-02 
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The  *net  earnings^  realised  were  1^3,64,319  rupees,  dis- 
tributed over  the  three  classes  of  railways  as  below : — 


Net  Earnings. 


Ganges. 

Net  EaniinfEs, 
Rs. 

Miles  open. 

Net  Earnings 

per  mile  ca 
railway  open. 

Standard  Gauge, 

ioo9.S7»93i 

10.04773 

Rs. 
10,047-83 

Metre  Gauge,  . 

259,28,624 

6,946-68 

3.732'SO 

Special  Gauges, 

4.77.764 

288-31 

1,65710 

Totals, 

1273.64.319 

17,282-72 

7,369-40 

It  will,  from  the  above  table,  be  deduced  that  in  the  year 
1891,  on  every  mile  of  open  railway  the  net  earnings  of  the 
standard-gauge  lines  were  as  one  rupee  against  slightly  less 
than  6  annas  in  the  case  of  the  metre  gauge,  or  as  d^l  against 
7s.  6d. 

The  return  on  the  whole  capital  expenditure  on  open  lines, 
including  steamboat  services,  etc.  during  the  year  1891,  was 
5*76  per  cent,  distributed  as  follows : — Standard-gauge  lines 
5*98  per  cent.;  metre-gauge  lines  5*04  per  cent.;  special  gauges 
6*42  per  cent.  The  mean  mileage  worked  during  the  year  was 
17,037*63  miles,  and  the  total  results  may  be  summarised 
as  follows : — 


General  Results,  including  Steamboat  Services  and  Suspense 

Accounts. 


Gsuges. 

Moan 
MOet 
iroiked. 

Capital  outlay, 
Ri. 

Average 
cost  pcr 
mile. 
Rs, 

Gross 
Earnings, 
Ks. 

WorkliiK 
Expenses, 
Rs. 

Pet 
cent. 

Net 
EaniinKS, 
Rs. 

Per 
cent  on 
Cap. 

Standard  Gauffe, 

10,055*82 

16,869,18,826 

i63,696« 

1840,61,733 

83 1. 03. 80  » 



45'i5 

1009,57,931 

5-98 

Metre  Gauge,  . 

6,695-93 

5.»49i'3.4o8 

7>i4a5 

550,10,874 

290,82,350 

52B7 

259,38,624 

5*04 

Special  Gauges, 

386*59 

88,09,682 

13,30.  >84 

3,52,420 

64*08 

4.77.764 

5'42 

Totals, 

17.037*63 

33,106,41,916 

a404i<»,790 

U3<»»38,47> 

47*oa  1373,64,319 

1 

5-7<i 

*  Excluding  Steamboat  and  Suspenie. 


422  PUBLIC  WORKS  OF  INDIA 


The  total  number  of  passengers  carried  by  all  the  railways 
in  India,  during  the  year  1^1,  was  122,855^77^  and  the 
gross  eaniings  amounted  to  Rs.  775,37,620,  or  Rs.  14,110 
per  mean  mile  worked.  The  number  of  passengers  booked  per 
mean  mile  worked  was  7211.  The  average  distance  travelled 
per  passenger  was  45*98  miles  on  the  standard-gauge  lines, 
and  38-17  on  the  metrc-gauge  railways.  Of  the  total  number 
of  passengers  carried  the  two  lowest  classes  constituted  97*51 
per  cent.,  tlie  second  class  2*26  per  cent.,  and  the  first  class 
0*40  per  cent,  of  the  whole. 

Tlie  total  tonnage  of  goods  carried  was  26,158,953  tons  or 
1535  t<ms  per  mean  mile  worked,  and  the  gross  earnings  were 
1560,81,166  rupees.  The  passenger  mileage  reached  5,226,107, 
973  miles,  and  the  goods  ton  mileage  4,438,992,431 ;  the  total 
number  of  train  miles  being  60,800,165. 

The  main  results  of  working  all  the  Indian  railways  during 
the  year  1891,  divided  over  the  three  heads  of  gauge,  will  be 
found  detailed  in  Appendix  M. 

Tlierc  are,  as  a  rule,  four  classes  of  vehicles  for  passenger 
traffic  on  Indian  railways,  viz.  1st,  2nd,  3rd,  or  intermediate, 
and  the  4th,  or  lowest  class.  The  fares  charged  vary  con- 
siderably in  working,  but  the  schedule  of  maximum  and 
mininunn  fares  for  coaching  traffic  are  as  follows  : — 

Maximum  Minimum 
pies  per  mile.  pies  per  mite. 

First  class,  18  12  equals  2^.  to  lid.  at  jmr. 

Second  classj  i)  0     „      IJd.  to  '{d. 

Intermediate,  4J  3  ^ad.  to  gd.  „ 

4tli  or  lowest  class,        H  Ih  gd.  to  ^^d.  „ 

Tiie  ordinary  fares  for  the  lowest  class  arc  from  2  to  3  pic^ 
per  mile,  or  from  one,  to  one  and  a  half  farthings.  A  man 
can,  therefore,  generally  travel  by  railway  a  distance  of  400 
miles  within  tlie  24  hours,  for  the  small  sum  of  Rs.  4.2.8,  or 
say,  8s.  4d.  at  par  of  exchange.  To  get  over  this  ground  by 
ordinary  road  journeys  would  take  him  from  thirty  to  forty 
days,  and  the  humblest  traveller  would  of  necessity  expend  a 
greater  sum  for  liis  daily  food  during  this  interval  ;  the 
generality,  even  of  the  poorer  class,  would  probably  expnd 
double  tliis  amount. 


AlHxm^^fi  tlic  rnilwav  |>n-sseiit^t'r  fljisses  mv  si>  minuTOtis  on 
nlian  railways,  it  wiis  in  India  that  j>n)l)H!ilv  tlio  earliest 
[pi-rinK-nt  wfis  made  of  cmpJoynig  only  two  t'ln.^st's  for  pfts- 
igcrs,  HKich  as  atlo|>t«.*t!  lunv  for  niariv  years  on  tlu'  MiiUaml 
tilway  in  Knglant),    I'he  Indian  Brant'li  Hailway  CoinpanVt 
•orwnrds  the  Oudli  and  lloliilkiiiul  Uailway,  originally  in- 
diuvd    twt>  dcstxipticms  of"  vefiiflcs  for  |ia5si*ngpr  trntfir, 
[jXTtivoIy  called  the  *  Upper  ^  ami  *ix>wtT*  classes,  corre- 
sponding with  the  1st  and  3rd    classes   on   Kn^jlish  lines. 
SidisLMjUfnlly.  hoivcvcr,  an  intermediate  fare,  and  a  some- 
rhat  sujjtrior  carriage'  was  iiitcrf)olatcd  into  tlie  lower  class. 
At  the  end  of  the  year  \H9\^  the  number  of  locomotive 
"pntrines  caiployt-d  on  tlic  inain  railway  system  of  Lalia  {i.r. 
(eluding  tliL'  special  ^angch)  was  hi  all,  or  5i535  of 

tndardf  ami  1^£:2K  of  metre  gauge,  and  the  quantity  of  pas* 
gcr  Rnd  grxxls  rolling-stock^  at  the  sanje  lime  was  as 
Hows : — 


PaSS£NCKK  AVtl  fiOOnS  Uoi.UN'ti-SroCK  AT  KXtJ  OK 

Vi:aii 


SandirJ 
Gauge 

Mfltn 

TocftL 

Fir«l-clnss  carriages, 
Sccund-cl*ss  cnrriagcs*  . 
Hiird  or  intcnncUialc  CMTi«|^ 
Lowest  or  fouflh'dasa  carriages, 
Com^iOktlc  »rriagrs, 
^iiftOcUaneous  CBniAgcsi  . 

463 

3.5^5 
930 

345 
170 

90 

4»7 
456 

SoS 
792 

Touls,  Puaengcr  tatling  tlock, 

6iJS7 

4.244 

Goods  v«hicEe«  of  all  kinH-(, 
Bake  van«,  . 

a4.asa 

6S»6aa 

TOTAI^  Goods  roUing-stock,  • 

46*437 

71,615 
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It  will  be  of  interest  also  to  point  out  the  number  of  per- 
sons of  all  races  engaged  on  the  service  of  Indian  open  lines 
of  railway,  as  they  are  distributed  throughout  the  various  rail- 
way departments.  At  the  end  of  the  year  1891  the  total 
number  of  persons  so  employed  was  260,598,  of  whom  250,036 
were  natives  of  the  country,  5936  were  Eurasians,  and  462&— 
or  17*76  per  cent,  only  of  the  whole — were  Europeans. 
The  distribution  of  the  above  number  of  persons  was  as 
follows : — 


DisTfiiBunoN  OF  Persons  Employed  on  Indian  Railways. 


Departments. 

EuTopeaos. 

Eonuwns. 

Natives. 

Total  1 

General  administration,  including 
agency,  audit,  accounts,  stores, 
medical,  printing,  police,  etc.,  . 

353 

451 

13.77" 

1 

U.S7S 

Traffic  and  telegraph  departments. 

1567 

ai97 

54.625 

58.389 

Engineers'  department,  . 

486 

491 

II2.00t 

112,978 

Locomotive    and    carriage  and 
wagon,   inclusive  of  steamboat 
establishments,  .... 

2220 

2797 

69.639 

74.633 

Totals.  , 

4626 

5936 

260,056 

- 

260,595 

Of  the  260,595  persons  employed,  198,225  were  engaged  on 
the  standard -gauge  railways,  and  62,373  on  the  metre-gauge. 
The  total  number  of  railway  stations  throughout  India  was 
2427,  or  1489  on  the  standard,  and  938  on  the  narrow-gauge 
lines.  The  mileage  open  (of  these  two  gauges)  was  10,048 
and  6947  miles  respectively,  so  that  the  average  distance  apart 
of  the  stations  is  6'75  and  7*40  miles. 

The  efficient  training  and  employment  of  natives  of  the 
country  in  the  responsible  positions  of  drivers  or  shunters  of 
locomotives,  has  for  many  years  occupied  the  careful  attention 
of  railway  authorities  in  India ;  and  it  will  be  of  interest  to 
the  reader  to  note  the  gnidual  but  steady  increase  in  this 
important  class  of  railway  servants  during  the  ten  years, 
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1H81  to  IHJK*  iiK'hisive,  a*  exhibited  by  the  following 
table  :— 


NUMIIKHS  tJI    XaTIVK  l>JtlVEMiii  AN'n  SHUNTr.ltS,  1881  TO  1890, 


i8a> 

1314. 

1B97. 

1BB8, 

Drivers,  . 

278 

335 

391 

519 

580 

650 

724 

80S 

83& 

Shunters, . 

269 

295 

325 

jSa 

3S6 

414 

433 

444 

458 

472 

Totals. 

547 

630 

716 

77S 

905 

994 

10S3 

1261 

1298 

Altlioitgfi,  for  persons  ^vho  tfikc  oiuHnary  care,  there  is  cer- 
t-riiiilj  no  safer  mode  af  truvellin;^  tliau  that  hy  raihviiy,  never- 
theless, in  spite  nf  the  most  stringent  precautions,  a  certain 
yei\r]y  iiund>cr  of  accitknts  to  trains  will  inevitably  occur  on 
MVury  railway,  or  railway  system  in  the  world.  The  accident 
petumfl  on  Imlijin  railways  for  the  year  1S91  may  ht  thus 
Itriefly^  siiinrnarised.  The  mmibor  of  train  aLTidents  per  1(W)0 
tmin-Miilfs  was  0  07.  Out  of  the  122J  millions  of  passengers 
travelling  56  were  killed,  or  1  in  S,190,(K)0,  and  135  persons 
were  injurwL  The  totjil  number  of  passengers  killed  or  in- 
jured, VT/.  191,  gives  an  average  of  ^1  inilliojis  of  miles 
travelled  for  each  easualty.  Few  persons  thoroughly  realise 
fhe  extraordinary  security  of  railway  travelling.  Taking  tlio 
hwt  Board  of  Trade  retunxs  of  railway  accidents  in  the  United 
Kingdom,  ami  deducting  the  ejxsiudties  for  which  the  passen- 
gers themselves  were  clearly  rcspon?iible,  it  appears  that  a 
traveller  might  expect  to  make  966,^44  railway  journeys  with* 
out  mishap,  and  1()9  niiliion  journeys  witliout  being  killed. 
A  reasonably  caiiti<His  person,  therefore,  making  twoji>urneys 
per  day  on  every  day  of  the  week  might  hope  to  escape  fatal 
accident  for  at  least  270,(X10  yt^ars. 

One  of  tlie  most  important  tpiestions  eonnwted  with  the 
ecunumieal  working  t>f  Indian  railways  is  that  of  fuel  supply* 
The  three  or  fottr  thousand  powerful  iron  horses  that  daily 
and  hourly  are  traversing  wane  |M)rti<>n  of  the  length  and 


1 
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breadth  of  the  country  with  so  great  a  rapidity,  drawing 
behind  them  such  immense  loads  of  vehicles,  passengers,  and 

merchandise,  can  only  maintain  their  vigorous  life  and  energy 
by  a  prodigious  consumption  of  mineral  or  vegetable  food,  in 
the  shape  of  coal,  coke,  or  wood.  In  the  year  1891,  the  loco- 
motive engines  on  Indian  railways  consumed  no  less  than 
1,066,498  tons  of  coal,  and  363,171  tons  of  wood,  coke,  or 
patent  fuel.  Of  the  coal  consumed  S16,8^  tons  were  English, 
and  782,664  tons  were  of  Indian  production. 

Although  coal  was  known  to  exist  in  India  so  long  ago  as 
the  year  1774,  and  was  actually  worked  in  1776,  it  is  only 
during  the  last  twenty  years — under  the  stimulus  of  railway 
requirements — that  any  notable  development  in  the  exploration 
and  opening  up  of  the  chief  coal-fields  of  the  country  Iw 
taken  place,  and  it  has  been  ascertained  that  the  area  in  India 
over  which  the  coal  formation  may  be  presumed  to  extend,  is 
not  far  short  of  40,000  square  miles.    Most  of  the  more  im- 
portant collieries  are  worked  in  connection  with  the  railways, 
and  by  direct  or  indirect  Government  agency.    The  yearly  out- 
put of  this  important  mineral,  from  collieries  chiefly  situated 
in  Bengal,  Assam,  the  Central  Provinces,  and  the  NizamV  ter- 
ritory, reached  in  the  year  1891  a  total  quantity  of  2,118,680 
tons,  as  compared  with  997,730  tons  in  1881,  of  which — as  we 
have  seen — 782,664  tons  were  burned  on  the  railways,  the 
balance  going  either  to  maintain  the  stocks  in  hand,  or  to  in- 
dustrial manufactures.    A  statement  showing  the  quantity  in 
tons  of  coal  produced  in  India  during  the  last  twelve  years, 
and  the  distribution  of  the  output  over  the  several  provinces 
of  the  country  is  subjoined  in  Appendix  N. 

In  the  year  1857  the  Indian  Government  had  opened  288i 
miles  of  railway,  which  carried  during  the  year  two  millions 
of  passengers  and  253,000  tons  of  goods.  By  the  end  of  1891) 
17,983  miles  of  railway  were  in  operation,  which  carried  during 
the  year  nearly  123  millions  of  passengers,  and  over  26  million 
tons  of  goods.  As  we  have  seen,  the  rates  charged  for  pas- 
sengers on  these  railways  are  as  low  as  one  farthing  per  mile, 
whilst  the  goods  rates  range  as  low  as  one  halfpenny  per  ton 
per  mile. 

The  centralised  administration  or  control  of  Indian  railways, 
constructed  also  under  a  rigidly  enforced  system  of  standard 


t!imen»?on?t  fjotli  for  works  nt\d  rcjlliii^  -  stock,  anJ  under  a 
llioroii^hly  ctficittit  aiul  nnnutc  8upi.rvrsion  exercised  by  the 
(ioveninient  iiispet'tiug  oflicLTs^  attiii^  with  the  widest  powers, 
has  iK'eii  of  Jiic4ilculal5k*  henejit  to  tlic  pu1>lic%  aiul  has  freed 
India  from  lunuy  of  tliose  evils  which  have  growtj  u}>,  nml 
provinJ  well-nigh  iiisupcrahk-j  under  the  exercise  of  the  largely 
irreftpoi*sil)tc  jnnvers  which  iu  Eiiglaml  and  America  has  fiilK'n 
into  the  hanJii  of  the  great  railway  monopolists.  In  Eughiiid^ 
the  olficvn*  of  the  Buanl  of  Trade»  cxcrmiTig  their  functiouH 
under  a  very  strictlv  limited  legislative  authority*  have  h'iMe 
iir  IK)  ]H»wer  to  nnkr  ;  tliey  are  for  t)ie  most  part  reatrietc*!  to 
recoiiuTK-rulations^  that  in  many  tn^tanee^  arc  quite  msuHicieiit 
to  co|h;'  with  the  \txi»t  weiglit  of  private  and  monetary  iiitereflt» 
lo  which  tlie  recommendations  are  opposed. 

The  following  cxtmet  from  a  meniomndnm  iissued  hy  the 
Inrirn  1  !ouse  in  1HS9,  m\  some  of  the  results  of  Indian 
aJntiui.Htmtion  during  the  previous  thirty  years  of  Ui  itiiih  rule 
in  Indin,  will  fitly  eonolnde  the  subject  of  railways: — 

•  It  jj*  hardly  necesstiry  to  refer  here  to  the  iiiottlculable  beuefits 
lioiic  by  railways,  whit'h  in  time  of  tivvd  carry  food  from  pravjjerou!* 
i!i»tricti»  to  fiiiiiine-ylrieken  provinces;  i>r  tu  the  itiipnisc  given  tn 
(irochietioD  and  trade  when  rjuhvays  earry  to  the  sertpt*rt.s  surplus 
prtNhictv  that  would  otherwise  have  found  no  lunrkct,  nnd  might 
liavc  riittcd  ni  gnituines;  or  to  the  enormou!^  nddition  to  the 
military  slrengHi  i>f  the  country^  when  troops  and  niaterml  can  \yc 
moved  to  the  frontier^  or  to  tmy  6c?eiie  of  di&turlianee,  at  the  rntt^ 
of  400  mdc»i  instead  of  1 0  miles  a.  day,  and  <it  one-sixth  of  the  old 
cmt,  Hailwnys  have  now  Ween  mndc,  or  arc  being  made,  on  nil 
the  umin  routes  in  Hrili^Ii  or  Niilive  territory.  The  system  of 
mthtjry  railways*  on  the  Norlh-we*t  frontier  is  nearly  completed, 
and  fccvrral  lines  which  do  not  pay  eommereially  have  been  con- 
structed for  the  protection  of  tracts  specially  Ualile  to  visitation  by 
fjiininc.  Cross  lines  and  bnmeh  lines  liavc  still  to  be  made,  and 
during  Ihe  two  years  l«8(j  and  ISST,  new  lines  or  extensions, 
aggregating  5i^28  miles,  were  opened  In  the  North-west 
Province*  and  Oudli,the  richefit  and  most  dentscly  peopled  Iract  iu 
India  exrrpt  Jt»wfr  Hrnguf,  railway  extension  ha.s  progreuted  so 
far  that  it  has  been  sttttcd  that  no  village,  except  in  the  Hinialnyaa 
and  hdl  tracts  south  of  Mir7J*i)ore,  wdl  be  more  than  4-t)  miles  frmn 
m  railway  station  by  June  when  the  Indian  Midland  Railway, 

now  utuler  ean»tructiun  wdt  tie  ruinpletcd/ 


WATER-SUPPLY  OF  TOWNS  IN  INDIA 


CHAPTER  I 


ivrHODucn'ORy 

Introductory  remarks — Early  Qdoption  of  wcll-stnkmg  and  impoanding  water  in 
laoks— MelKo*i  by  wliich  Ibc  jnadfirn  water-supply  of  towns  is  pflccted — 
Aiicitrnl  water-supply  schemes  all  gravitaEion  works— Aljsence  of  pipes,  and 
means  of  pumping— Sub-soil  wells— Roman  aqueducts — The  *  J*onl  du 
Gard  ' — Advance  in  modern  water-supply  arranijemenls — Increased  purity 
and  pressure  of  the  water— Leading  principles  of  nnxlern  wziter-^orks — 
Source  of  water— Kiiinfall^ — Consumption  of  water— Inttrmilltnl  and  con- 
stant service  sptem* — Design  of  water-  works — The  reservinr — 1  he  embank- 
ment or  tlnm — Foundation  trenches — I'vitidle  and  other  dctaiis — Waste- weirs 
and  irningements  for  druwing  off  water — SliainiBg  and  acicening — I'limping 
schemes— Conveyance  of  water --Conduits  und  pipes — Inverted  syphon  in 
lieu  of  aqueducts — Service  reservoir — Settling  tanks  and  distilhition. 

^  ^LL  sectioiijs  of  mmikiiid,  raised  in 

tl»e  len&t  degreti  abovt?  the  lowest 
level  tif  l>arbarisin,  Iiave  iti  every 
age  recognised  the  stipremc  im- 
portance of  a  plentiful  ^iip[%  of 
pure  water  fur  the  use  of  the  in- 
habitiuits  of  tlio&e  often  deneely- 
popiilated  centres  to  which  we 
give  the  name  of  cities  or  towns. 
In  modern  days,  when  the  nature 
and  causes  of  most  of  tlic  diseases 
which  afflict  iuiinanity  are  to  some  extent  known  and  under^ 
atowl,  n  pure  and  ample  water-supply  is,  on  rational  and 
scientific  grounds,  seen  to  he  tlie  shic  tjuti  non  of  all  sanitary 
conditions,  U^v  it  is  to  a  scanty  or  impure  supply  of  this  ^rent 
necc«sarv  of  life  that  the  hulk  of  the  epidemic  diseases,  especi- 
ally tliosc  eonneLtetl  with  fevers  or  cholera,  nniy  be  traced.  All 
the  known  civilised  communities  of  ancient  Europe  or  Amej  ita 
have  left  us  certain  evidence  that  thepvoviKion  of  water  for  tin- 
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woiits  of  their  great  centres  of  population  largely  occupied 
their  attention.  This  evidence  is  given  us  in  the  numerous  and 
often  vast  ruins  of  aqueducts  or  other  costly  works  constructed 
by  them  for  this  purpose. 

In  the  East,  whether  in  Palestine,  Egypt,  Arabia,  Perna, 
India,  or  China,  the  artificial  water-supply  of  towns  was  un- 
doubtedly studied  and  practised  before  the  dawn  of  European 
civilisation. 

In  India  the  art  and  practice  of  impounding  the  rain&ll  in 
tanks,  or  reservoirs,  is  probably  contemporaneous  with  the  first 
introduction  of  Aryan  speech  into  that  country.    Owing  to  the 
extreme  dryness  of  the  climate  of  India,  this  was  the  most 
readily  available  method  of  securing  and  storing  supplies  of 
water  in  large  quantity,  especially  in  those  parts  of  the  country 
where,  during  the  seasons  of  drought,  the  natural  water-courses 
are  cither  dry,  or  exceedingly  scanty  in  volume.    In  Hindustan, 
all  the  larger  cities  naturally  grew  up  along  the  banks  of  the 
great  perennial  rivers,  where  water  for  the  use  of  the  in- 
habitants was  available  in  abundance.    In  the  case  of  im- 
portant towns  or  villages  at  a  distance  from  the  streams,  a 
supply  of  water  for  drinking  and  domestic  purposes  would  be 
largely  derived  from  the  subsoil  by  means  of  well-sinking,  a"  I 
art  developed  and  skilfully  practised  at  a  very  early  stage  by  all 
the  Eastern  races  ;  but  in  order  to  obtain  those  larger  volumes 
of  water  necessary  for  the  frccjuent  personal  ablutions,  washing 
of  garments,  and  other  purposes  imposed  by  the  religions 
customs  of  the  country,  the  construction  of  artificial  tanks  for 
the  impounding  and  storing  of  water  in  large  masses,  would 
soon  be  resorted  to,  wherever  the  opportunity  of  so  doing  pre- 
sented itself.    These  tanks,  so  numerous  in  India,  are  generallv 
supjjlied  directly  by  the  rainfall  on  their  own  catchment  basins 
but  in  some  cases  tliey  doubtless  were  fed,  either  partially  or 
entirely — in  early  times  as  at  present — by  ducts  or  channels 
led  from  the  nearest,  or  most  convenient  permanent  watercourse. 
In  most  cases  the  tanks  are  found  at  or  close  to  the  villages  or 
towns;  these,  in  fact,  having  in  some  measure  grown  up  around 
them ;  but  in  many  parts  of  the  country  instances  are  met  with 
of  storage  reservoirs,  constructed  at  suitable  places  situated  at 
a  distance  from  the  towns  supplied  from  them.    In  these  cases 


WATER  SUPrLY  OF  TOWNS  IN  INDIA  438 


wttttT  fnmi  tlie  nuun  reservoir  (a  greater  or  lesa  proportion  of 
which  may  be  utilised  for  the  irrigation  of  the  intermediate 
tii'Uls)  i.s  It'll  by  means  of  chaTJuels^  or  hy  t'lidosed  ninsonrv 
tluct?*^  into  one,  or  into  many  smaller  tanks,  or  cisterns  ^itu- 
ntetJ  eitlierin  the  town  itselfjOrin  the  neighbouring  isurrounHin^ 
i^jtnifns,  ami  froin  these  tmilss  the  water  is  distribntcd  for  the 
iloiiit?>tic  service  of  llie  popuhition,  either  by  thi*  porterage  of 
u  ftpecial  caste  of  water-bearers  or  by  tl»e  h>wer-class  female 
puputati<ni.  One  of  the  most  faniihtir  sights  in  Iinlia,  its  indeed 
jfencmlly  in  the  East,  is  the  crowd  of  female  water*carricrs, 
passing  and  repassing  with  their  eartbeuivare  or  metal  vc^ela 
of  water  gruei*fully  |>oi8ed  on  their  heads,  or  collected  togetlier 
ill  feminine  gtis-^jp  at  the  margin  of  wcU  or  tank. 
h  The  water-supply  of  towns  in  modern  times  is  effected  by 
one  of  t^vo  nietliotis,  viz.  either  by  natural  gravibition  or  bv 
pumping.  In  the  first  methotl  the  water  is  eolkcted  from 
»]>rings»  or  by  iinpountling  flood-waters  in  reservuirs,  at  an 
deviititm  sulReiently  above  Hie  level  of  the  town  to  cmninand 
the  wliule  or  greater  jkirt  at  it,  the  water  being  delivered  by 
the  natural  fon'u  of  gravity.  In  the  second  niethiKl  the 
Qecesaary  elevation  is  given  to  the  water  by  the  mechanical  aid 
of  ftUram«  or  other  aource  of  power,  a|iplied  to  the  purpose  of 
pumping  it,  either  from  rivers,  reservoirs,  or  deep  welt:*.  The 
two  methods  may  also  he  conibineiK  a  p4»rtton  of  llic  town 
being  »upplicil  by  natural  gravitation^  and  the  reniaining  or 
more  elevalwi  ])orlion  being  siipjilied  by  the  intermeiliate 
agency  of  mccbantcal  power,  to  raist^  nr  forte  the  water  to  the 
nnpiirvd  height. 

With  the  exception,  purhaps,  of  some  cases  where  water  mav 
have  been  forcibly  raised  in  buckets  or  other  receptacles  from 
mwleralely  deep  wells  or  otiier  sources^  by  means  of  manual  or 
animal  power  (or  even  by  the  aid  of  wind  or  %vftter  power),  all 
the  liirger  water-supply  scheme^i  of  ancient  tinn-!*  were  gravita- 
tion works,  working  at  a  low  pressure.  No  evidence  exist'^ 
until  comparatively  recent  tiuieh  of  the  employment  of  ptjjc^ 
for  the  cimvcyance  of  water  utnier  high  preswures.  I'ipes  of 
rorthcDwarc  or  of  lead  were  fretpicntly  usitl  in  Lloman  timcs^ 
but  it  i»  evident  that  neither  of  thei»o  materials  could  have 
been  ftubjcctctl  to  iimix'  than  a  very  moderate  degrtv  of 
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pressure.  Moreover,  until  tlie  invention  of  the  steam-engine, 
there  was  no  means  of  artificially  raising  large  quantities  of 
water  from  a  low  to  a  high  leveL  Ancient  waterworks  are, 
therefore,  all  of  the  low-pressure  gravitation  type  of  con- 
struction. 

Subsoil  wells  were  probably  tlie  earliest  artificial  source  of 
water-supply,  and  allusions  to  them  are  to  be  found  in  all  the 
most  ancient  human  records.  In  China  there  exist  numerous 
ancient  ^  Artesian  ^  wells  of  great  depth.  An  '  Artesian  ^  well 
consists  of  a  bore-hole  carried  down  through  some  impermeable 
upper  strata,  into  a  lower  water-bearing  bed,  the  water  in 
which,  being  subject  to  natui*al  hydraulic  pi*essure,  at  once 
rises,  often  to  the  surface,  through  the  bore-hole.  In  many  parts 
of  Europe,  but  especially  in  Southern  Italy,  ordinary  wells  of 
depths  often  considerably  over  100  feet  were  constructed  bv 
the  early  Romans.  For  a  long  time  the  city  of  Rome  ibtelf  ii:as 
largely  dependent  on  this  source  of  supply,  but  as  the  popula- 
tion of  the  city  increased,  and  the  Tiber  became  contaminated, 
the  conveyance  of  pure  water  from  great  distances  was  under- 
taken, as  testified  by  the  ruins  of  many  noble  aqueducts  con- 
structed under  the  Caesars,  which  still  remain  to  fill  the  mind 
of  modern  travellers  with  wonder  and  surprise.  In  almost 
every  country — for  any  length  of  time  under  the  dominion  of 
the  Roman  Empire — tlie  remains  of  often  gigantic  water-con- 
duits exist,  some  of  which  are  even  at  the  present  day  partially 
utilised  for  their  original  purpose.  The  Roman  aqueducts 
were,  as  a  rule,  boldly  constructed  works,  carrying  the  water 
collected  from  distant  s})ring$  or  lakes,  in  very  direct  Hnes, 
through  tunnels  in  the  hills,  and  passing  over  intermediate 
valleys  in  niiisonry  channels  carried  on  archwork,  often  in 
several  tiers  one  above  the  other,  reaching  very  considerable 
altitudes.  Tlie  aqueducts  had  a  regular  gradient,  or  fall  from 
end  to  end,  usually  from  2  to  2J  feet  per  mile.  They  con- 
tained in  some  instances  enormous  quantities  of  masonry  con- 
struction, everywhere  lined  with  an  excellent  quality  of  cement. 

One  of  the  largest  Roman  aqueducts  in  Europe  is  the  *Pont 
du  Gard,*'  wliich  forms  a  portion  of  the  conduit  for  the  supply 
of  the  town  of  Nismes  in  France.  This  aqueduct  has  been 
thus  described  :  '  It  consists  of  three  tiers  of  arches,  the  lowest 
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a^ix  archfs  sup|xirtiiig  eleven  of  equal  span  in  the  centre  tier, 
^Hnounted  by  tliirty-Hve  of  smaller  shci  the  whole  h  in  a 
Wnple  slvle  of  ftrcliiU-cturu,  destitute  of  ornament.    It  is  Ijy 

ftnmg^)ttKie,  and  skilful  fittings  of  its  enorntous  blocks,  tlmt 
aakes  an  Lnipre»»ion  on  tlie  mind.  It  is  the  mare  striking 
m  the  utter  wolitvide  iu  whicli  it  stand* — a  n>cky  valley 
partly  eovertJil  nitb  brushwood  and  greent^vvardt  with  scartely  a 
huiimtt  habitation  in  §ight.  This  eoloasal  monument  stil) 
qmns  the  valley,  joining"  bill  to  liill,  in  a  nearly  j>erfeet  state  of 

t nervation,  only  the  npptr  part  at  thi'  juirth  extremity  heing 
ken  away.    The  highest  niiige  of  arches  carries  a  covered 
al  al>out  5  feet  higli  and  ?2  feet  wide,  sliaped  in  section  like 
the  letter  tj.    It  is  covered  with  stone  slabs,  along  which  it  is 
|)08sihle  to  walk  from  end  to  end,  and  to  overlook  the  vallcv  of 
IheGnrdon.    The  arches  of  the  middle  tier  are  forme*!  tif  three 
jt^stinct  ribs  or  bands  apparently  unconnected*    The  height  of 
Pont  dii  (lard  is  180  feet,  and  the  length  of  the  highettt 
Vna<Ie  873  feet.    Its  date  and  Iniililer  are  alike  lost  in  olilivion, 
but  it  is  attributed  to  Ai^rippa,  son-itJ-law  of  Anwuslns,  K.r.  19. 
(ienieys,  Ajma^rly  engineer-in-chief  to  the  mnnicipality  of 
estimated  that  the  cpiantity  of  water  conveyed  by  this 
[Kiit  niiitanitctt  to  14  ntilliiut  gallons  ])er  dayf  * 
'he  most  inijKirtant  advances  in  the  n»odern  water-supply  of 
IS  a*  conipareil  with  ancient  work^*,  arc  the  increased  atten- 
^iven  to  secnrinn;  a  supply  of  pure  antl  wht»lesonie  water, 
from  everv  kind  <if  contamination,  and  its  more  systematic 
fi^'nend  distributitm  under  high  pressures  by  nu-an.s  of 
Increased  jjurity  n  obtained  by  n  more  carelul  selection 
6f  the  tmnicdtate  source  of  iuppl\,  IhiIIi  as  regards  ItK^ality  and 
[{ualily  of  water,  a^  well  ns  by  |)recvintioiis  taken  to  prevent 
IcHlement  of  the  gathenug-groinul,  and  by  resort  to  filtration 
irevcr  neccfisary.    Many  water-su])ply  schcmi**  of  consider- 
niao^nitude  and  intcresl  liave  Keen  carried  out  during 
rnt  years  by  tlie  uiotnci|MiUties  of  the  larger  cities  »»f  Tndia» 
before  ]ir<KTcding  to  give  Ihe  reader  an  outline  sketch  of 
le  of  the  more  important  of  these  wi»rks,  it  will  In*  necessaiy- 
LKiinimansef  as  briefly  and  dearly  as  p)si»ible,  the  leading  prin- 
of  modern  water-works. 
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The  Sun  is  the  original  dispenser,  and  the  ocean — which 

occupies  more  than  two-thirds  of  the  surface  of  the  globe — is 
the  ultimate  source  of  all  water-supply.  Under  the  influence 
of  the  sun''s  heat,  chiefly  within  the  tropics,  where  the  heat 
rays,  being  more  vertical,  are  more  intense,  the  surface-water 
of  the  ocean  undergoes  continual  evaporation.  The  aqueous 
vapour  ascending  to  the  upper  and  cooler  regions  of  the 
atmosphere,  forms  those  clouds  which,  driven  by  established 
aerial  currents  over  the  land,  are  tliere  under  various  condi- 
tions of  temperature  and  altitude  condensed,  and  &11  to  the 
earth  in  the  form  of  rain,  hail,  snow,  or  dew.  The  great 
volume  of  water  thus  derived — whether  absorbed  temporarily 
into  the  soil,  partially  retained  in  lakes,  or  hastening  again  to 
its  distant  birthplace  in  the  sea,  through  those  surface  channeb 
which  it  has  worn  for  itself,  named  rivers — becomes  in  one 
manner  or  another  available  for  the  ser\ice  of  man,  and  for 
the  refreshment  of  all  animal  and  vegetable  life.  The  supply 
of  water,  therefore,  available  for  human  needs  is  immediately 
dependent  on  the  rainfall. 

To  all  oi'dinary  observers  nothing  appears  more  variable, 
uncertain,  and  inconstant  than  the  fall  of  rain,  even  in  those 
countries  where,  like  India,  it  is  plainly  seen  to  be  subject  to 
a  general  seasonable  periodieitv.  Close  investigation,  however, 
has  clearly  established  that  wherever  accurate  records,  extending 
over  long  periods  of  time,  havt*  been  kejit,  it  will  be  foimd  that 
the  rainfall  of  any  pirticular  locality  has  a  mean  annual 
average  quantity,  due  to  tliat  locality,  during  such  periods, 
which  will  not  greatly  vary  (local  conditions  remaining  the 
same)  during  similar  periods  in  the  future.  It  has  also  been 
ascertained  that  if  a  reasonably  correct  estimate  of  this  mean 
annual  average  for  any  given  place  is  required,  it  can  only  be 
obtained  on  condition  that  accurate  records  of  the  actual  rainfall 
have  been  recorded  for  a  period  extending  over  at  least  twenty 
years,  and  that  records  for  periods  of  forty  to  fifty  years  will 
furnish  a  basis  for  a  very  close  estimation  of  the  real  mean 
annual  average.  Hence  in  places  where  no  record  of  the  rainfall 
has  been  kept  for  the  necessary  length  of  time,  a  knowledge  of 
the  mean  annual  fall,  with  the  amount  and  duration  of  the 
principal  fluctuations  above  and  below  the  mean — ^informatioif 
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which  IS  necessary  to  tlic  etiginccr  for  wftter-nork*  purposes — 
can  only  he  upproxiiiifitt^lv  ivsirrtniiieti  hv  eoniparisoii  with, 
rtiwl  (kituctioii  from,  the  retords  of  the  most  suitably  situated 
iu*i;(IilM>uriDg  plactN,  wIutc  tlu-  niiiirall  fm^  hevu  rt'L-ortled  for 
thf  nwi^LHary  fiiiie.  It  will  tluis  he  seen  how  important  a 
thiii^  it  is  t]iat  a  reguliir  «iul  systi'inutif  nimMitvirit-nt  of  all 
minfalJ  hhoukl  hv  carrieti  out  in  as  many  selected  phu*es  as 
pos>ihle  in  every  ttMintry.  Tlie  ^^tuily  of  rainfall,  its  distrilni' 
tion,  and  the  vanoun  pherioinenrt  eoniiirted  with  its  ]K'n*Kiical 
HucUmtions  iti  lim^^  intervals  of  tinie,  has  oftitpied  tfje  tinir  and 
attentinn  of  nmnv  seifiitiKe  men  chirini;  reeent  years*  with  the 
object  of  brining  to  li^lit  the  natural  laws  by  which  those 
HuctuatifHis  are  *fovemed  ;  and  the  extreme  inipf>rtniK'e  of  long 
Jk'riet  of  rainfjdl  olHervatiiHis  is  now  uiiiveh^alty  rcvognised  by 
nil  eiviliseii  nations  in  every  piiK  f>f  the  worl<l. 

Tlic  eti^iiieer  iuttUHted  witli  the  design  atui  construction  of 
waterworks  frjr  the  su[>ply  of  a  toi^n  has  first  to  consider  am! 
detcniiine  what  tjuantitv  of  Mater  will  be  rcijnired,  and  ha* 
alM>  to  tiike  into  aecunnt  the  iiatniul  growth  of  the  population, 
BO  that  the  workR  as  constructed  may  Ix*  able  to  meet  an 
increaa-ed  eoiisunipf  tcni  at  least  for  some  years.  He  will  also, 
wherever  j>oh?iible,  design  tlie  works  with  a  speeial  view  to  their 
futur*'  enlargement  or  exten>tioti,  at  the  least  eulisequent 
expenjic.  The  cpiantity  of  water  is  nsmdly  ex[ires»ed  by  the 
Avera^  number  of  giilhnut  consumed  every  day  of  twenty-four 
hom-H  by  eacii  unit  of  the  populatitni*  or  as  genendly  shortly 
stated,  the  *  number  tif  gallons  (ler  heiul  jkt  day/  This 
tptiiJititv  varies  considerahlVf  aeeortluig  to  the  habttA  and 
customs  of  the  people  Auppliefl,  anil  i^^  dependent  U]>on  so 
jufvny  different  circumstance>i  that  no  very  tvrUiii  rule  exists 
by  which  consumption,  where  not  directly  known,  can  be 
eKtinmittHi.  Iti  England,  owing  to  improved  sanitnry  appli- 
ance«,  ami  the  large  amonnt  of  water  ^ometinic^s  umxI  for  trrnle 
purjKiJies,  the  eonsimiption,  including  waituge,  varii's  from 
20  to  50  gallons  per  hea<l  per  day,  but  in  India  from  10  to 
iJl)  gallon?^  are  more  common  rales.  Water  is  distributed  to 
town:*  in  one  of  two  ways,  vi/,  under  a  *tonsL4nt,'  or  un*ler  an 
•intermittent'  wrvice— H^aeh  of  whicli  may  he  at  high  or  low 
preftiure.    In  the  'constant*  service  system  the  water,  in  prac- 
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tically  unlimited  quantity,  h  placed  at  the  disposal  of  tlie 
people;  the  pipes  are  always  maintained  full  of  water  under 
pressure,  and  can  he  drawn  from  them  at  any  time  through 
the  taps  or  valves  provided.  In  the  intermittent^  systeni 
cisterns  of  a  certain  capacity  are  provided  in  numbers  as  may 
be  necessary,  into  which  the  water  is  turned  on  during  certain 
fixed  hours ;  the  cisterns  being  provided  with  self-closing  taps 
which  shut  off  the  inflow  of  the  water  when  they  are  full.  In 
England,  whichever  system  is  employed,  the  water  is  invari- 
ably delivered  into  the  Iiouses,  In  India,  however,  it  is  more 
usual,  in  accordance  with  the  habits  and  customs  of  the  people, 
to  employ  a  constant  service,  eitlier  at  high  or  low  pressure, 
delivering  the  water  free  of  charge  from  standards  erected  at 
convenient  places  in  the  public  streets  and  open  spaces,  but  it 
is  delivered  also  into  the  houses  at  s[)ec]al  rates  whenever 
demanded. 

In  Europe,  contrary  to  what  might  be  supposed,  it  has  been 
found  that  the  average  consumption  of  water,  including 
wastage,  is  less  under  the  constant  than  under  the  intermittent 
system.  As  there  can  be  no  question  as  to  the  greater  public 
convenience,  and  greater  cleanliness  of  the  foniier,  it  is  probable 
that  in  all  new  works  the  employment  of  the  intermittent 
system  will  be  almost  everywhere  abandoned. 

The  engineer  having  estimated  the  proportion  of  the  annual 
rainfall  that  he  can  reckon  upon  for  liis  purposes — which  will 
not  be  more  than  from  4  to  6  tenths  of  it,  owing  to  absorption 
into  the  soil  and  evaporation,  and  having  liberally  determined 
the  number  of  gallons  of  water  per  head  of  population  that  he 
proposes  to  provide,  can  now  proceed  to  the  general  design  of 
the  contemplated  works.  If  a  main  storage  reservoir  is  con- 
templated, he  can  estimate  its  minimum  capacity,  so  that  it 
may  be  capable  of  supplying  the  recjuisite  quantity  of  water, 
not  for  one  year  only,  but  for  such  number  of  years  as  the 
rainfall  data  with  regard  to  the  consecutive  number  of  driest 
years  may  appear  to  indicate,  so  that  at  no  time  there  may  he 
serious  risk  of  the  supply  running  short.  He  can  also  deter- 
mine the  exact  dimensions  of  tlie  main  pipes  or  conduits  that 
are  necessary.  If  the  water  is  to  be  obtained  from  wells,  or 
from  a  river  by  pumping,  he  can  calculate  the  engine  power 
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size  of  pumps  rrtptimlj  and  fix,  accordini;  t(»  tin*  special 
mstancon  of  each  crt.sv,  »ll  t)n;  principal  tliniensitins  ami 
tietniU  of  t.iir  projoot. 
jM^le  will  at  a  very  ourly  sttigv  haw  tuniL*d  his  attfiititJii  to 
^Bttelection  of  tlit;  best  position  for  tfie  rt.'St*rvoir,  or  for  ilip 
^?iiiiipiti^  station,  as  the  case  may  ]*e,  ami  to  the  (piality  of  the 
Kjtttfr  Hvaihihle,  so  as  to  decide  upon  iUv  necessity  or  otliern-isi*, 
|Pu|x>n  Uie  iH'st  nnd  most  coiivciiieiit  means,  of  filtration  or 
purilication  of  tlu*  water.    Tlit;  engineer  fias  alwi  uiiniemus^  otiier 
{Mjints  to  consider.    In  the  WLse  of  a  rcnervoir  Its  Novation  iimst 
Inr  such  as  to  coniniand  tlie  wliole  area  to  Ix?  supplied*  or  if  ihi* 
Hfebiit  possible,  lie  mav  have  tn  arrange  for  the  supply  of  a 
^Kain  portion  of  the  area  by  means  of  pmnping.    He  will  have 
l^consider  the  geological  formalioii  of  tin*  fZraitioge  basin  off' 
wliicb  the  water  entering  the  reservoir  xvill  flow,  both  as  regard.* 
the  matet'tal  of  which  the  soil  i?4  eoiiiposed,  the  slopes,  and 
gvncmlly  all  mutters  uhicli  aff'ect  t  he  rate  nf  How*  m  the  conta- 
mination of  the  water,    llv  will  liavt-  to  ninkc  (piite  snre  that 
^^ter  he  ha*  niA<le  tlic  reservoir,  the  water  will  rtnlly  Hoiv  into 
B|tf  remain  in  it^  and  will  not  escape  by  imdergroiind  Hvsvircft 
Hiby  the  to4>  porous  nature  c»f  the  subsoil,     hi  most  c<ise% 
P^|>ecially  in  thickly  populated  districts,  he  will  have  to  cnrc- 
fully*mwtain  the  extent  to  wliit  b  the  proposeil  work*  will  affect 
the  intertut  of  iiuIivi<lualN  or  of  eonnnuniliei*^  by  withdrawing 
from  them  water  or  conveniences  to  which  tbey  have  established 
ri^ltt,  oiul  to  decide  iipoTi  the  most  eqnitjd>le  means  of  compen* 
Aittion  where  sueli  rights  are  interfered  with.    It  will  thus  he  seen 
AhtiX  the  actiiftl  construction  of  u  wiittT-^npjily  prtyect  is  often 
li'»wt  [Mirt  of  the  laliourK  of  the  engimvr  res]H>nsiblc  for  it, 
"^^Wc  will  suppose,  however,  that  all  the  hdjorionji  initial 
work  ha»  Ixvn  «iHsfact<>nly  aciimjpbsfiiHf,  that  the  exact  sjmt 
for  the  storage  reservoir  embankment  bit&lK>en  chosen,  and  thui 
the  nature  of  the  ground  on  wbicli  it  Utu*  to  \w  reared  has  l*een 

f fully  explored  by  means  of  trial  excavations  tnul  Imi-e'holea. 
K  evident — ^no  matter  what  may  Ix'  the  material  of  which 
rmbaiikment  or  *datn'  is  ti>  Ih'  former! — it  cmmot  be 
4y  erectcil  on  the  surface  soil,  but  Mime  [>ortion  at  leant  of 
idth  nuijit  Ix'  Hmily  ro(»ted  in  tliognnmd  in  such  a  manner 
no  water  can  escape  under  it,  and  this  can  oidy  be  ensured 
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by  Cfi Trying  tx  certiiin  |Mii*t  tjf  the  uork  to  some  iiahirn! 

watt^rti^ht  stratum. 

Ti\L'  fnundtiUon  treiifli — ^jf  whatever  wititli  Ihfil.  nmy  Ix- 
ilcciUed,  a  width  tliat  will  princi|mlly  vwiy  in  proportion  to 
tUe  Ucight  of  tlie  embankment— will  thus  bL'  cut  from  one  side 
of  the  valley  to  the  other,  until  it  everywhere  reaches  a  suit- 
able retentive  tnateriHl,  and  tfiis  iiuiv  in  some  inst^mces  occur 
only  at  very  considerable  depths.  Generally*  also,  it  will  W 
necessary  to  remove  from  tlie  whole  seat  of  tlje  einbauknieiil 
or  dam  all  surface  material  likely  to  be  injunously  afl'ected  liy 
the  action  of  the  water.  If  the  dam  is  to  hv  a  solid  oue  of 
masonry  or  concrete,  the  etmstnietion  will  now  be  brought 
to  a  more  or  less  general  level  with  these  niateriatfi,  or  if  au 
earthen  eaibuEikinent  is  intended,  and  the  deptb  is  not  toil 
great  (in  whicli  case  sonie  intermediate  cement  eonerele  might 
be  used)  the  trench  will  be  filled  in  with  an  impermeable 
material  called  *  puddle/  formed  of  a  certain  (|Uality  of  clay 
well  worked  with  water  intf>  a  liomogenifHis  and  retentive  nias». 
This  puddle  will  be  earned  tip  like  a  wul!  or  core,  through  the 
heart  of  the  emlmnknient,  and  will  only  terminate  at  a  height 
♦somewhat  above  the  contemplated  water-level  in  the  fini&lici] 
reservoir;  its  ]uirpose  being  to  stop  the  pjissage  of  any  water 
throngh  the  en^bankment.  The  earth  forming  the  main  bodv 
of  the  embankment — a  large  portion  of  which  orj  either  side  of 
the  puddle-wall  will  be  of  a  carefully  fielecteil  character — is  at 
the  same  time  built  op  systeniatiaiUy  in  thin  layers,  and  with 
long  slopes  on  the  outer  and  inner  sides  of  the  puddle*wall. 
Oil  the  water-side  the  face  of  the  earthen  slope  will  Ik*  pro- 
tected from  injury  by  a  stone  pitching  or  by  otlier  suitjible 
means.  Tank  or  reservoir  embankments  have  for  centitnc* 
l>etui  constructed  by  the  natives  of  India  without  any  central 
puddle-walU  but  that  this  omi^^ion  has  not  proved  hurtful  to 
the  stability  of  many  of  the  works  constructed  by  them,  is  doc 
to  the  circumstance  that  the  average  height  of  their  emliauk- 
ments  is  considerably  lower,  and  their  general  ibickucbs  nmch 
greater,  than  in  most  modern  examples  coiistnictcxi  by  Engli»ii 
c'ligineera;  whilst  the  numerous  ruins  of  native  biuks  whidi 
exist  give  evidence  of  a  frequent  absence  of  the  necessary 
stability  in  their  couBtnictions. 
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Before  connneiifiu^  the  cnilmnkmcnt,  the  t'ligineer  will  Imve 
ode  tint!  provision  for  ili^pusiu^  **(  uU  water  that  mi^ht 
licet  on  the  site  of  llie  n'servoir  that  wouUI  injure  or  inter- 
ne willi  the  progress  of  the  works,    Tliis  is  sometimes  done 
culling  a  '"catch-water*  or  flood-water  cfiannel  round  the 
tc  of  the  re&ervoir  at  ii  level  n  little  above  the  margin  of  tlie 
11  Wiiter-suri'aee,  to  iiiU't'ee|)t  all  the  water  running  off'  the 
tchnicnt  basin.    The  channel  is  cnnstrueted  with  a  slight 
11,  and  is  tlroj)[)ed  int*i  the  valley  below  the  eml>anknient* 
ic  small  i|Liantity  of  water  ttiat  may  eolieet  from  the  rainfall 
the  actual  site  of  the  reservoir  ean  then  either  l>e  allowed 
jwumin,  or  if  in  tlie  way  ean  be  tbsposed  of  bv  pmnping ;  or 
rpcnimnent  passage  to  be  hereafter  used  for  the  discharge 
vrater  from  the  reservoir  may  be  construeted  liefore  the 
einhankmeiit  is  brought  up,  and  utili:^d. 

Tiie  partieular  manner  iji  wliieli  it  is  proposed  to  draw  oft' 
tile  water  from  the  completed  reservoir  will  have  been  earlv 
decided  upon,  and  the  engineer  will  also  Imve  fi^ed  upon  the 
most  convenient  and  inost  eeonomieal  alignment  of  the  aque- 
duct by  uieana  of  wliieh  the  water  i,s  to  be  conveyed  to  the 
town.  In  almost  every  cti-se  the  influx  of  water  into  the  reser- 
voir^  in  relation  to  itK  eoiisumption,  will  be  such  that  (unless 
provided  against)  it  will  rise  during  fiotids  to  a  height  suflicient 
to  overtop  the  eniUankmentj  and  aji  the  latter  would  in  such  a 
case  be  inevitably  (lestroyed^  as  wvW  as  proliably  much  life  and 
fjroperty  lx*low»  it  h  necessary  to  render  such  a  contingency 
inipossilde.  Tliij*  is  doiif  by  tlie  provision  of  a  waste  or  over- 
How  weir,  in  some  part  of  the  embankment — or  of  several  such 
weirs — made  of  a  total  length,  and  tinished  olF  at  such  an 
elevation  as  to  earr^"  off  all  surplus  water  tcudinp;  to  collect 
above  a  certain  Jixed  level,  which  is  usually  pltued  at  6  or 
8  feet  below  the  top  of  the  embankment.  The  water  flowing 
over  the  wante  weir  or  weirs,  is  discharged  by  means  of  a  special 
chauuvl  leil  into  the  valley  to  a  point  at  some  distance  below 
the  foot  of  the  embaTiknient  or  dam, 

IVrbaps  the  most  im|)ortant  mtitter  connected  with  reservoir 
ronatruetion,  especially  where  the  water  impounded  is  very 
ticep,  is  the  manner  in  which  provision  is  made  for  drawing  off' 
the  ^vater.    Foniierly  it  was  the  almost  universal  practice  to 
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take  tlie  dLscliArgL'-pipcs^  iii  oitc;  inaniiLT  in*  aiiotlier,  tliJiMt}{]i 
tlie  einlmnknient ;  gtMifmlSy  in  it**  dwpest  part.    Tbey  Mtw 
often  carneii  in  n  culvert  sitiiHarly  pUccd.    However  well  and 
carefully  i'onKtnictfd,  experience  liiis  hIiowu  Umt  sucli  rxpwli- 
eiiU  are  ni4)st  ciangerous  to  the  »tabiltty  of  an  eartlu-n  omUaiik* 
meiit.    There  is  notliinp;  more  penetrating^  tlwtii  water  under 
pressure^  and  it  will  iiievitablv  Hiici  out  every  weak  spot  Uifll 
umy  exist.    No  form  of  stopping  lias  been  found  which  can  in 
all  eases  be  depended  upon  to  prevent  the  uater  utuler  stiicli 
circumstances,  from  finding  its  way  hIouij:  tli"^  outside  of  culvirt 
or  other  outlets  constructed  through  the  heart  of  nn  earthen 
embankment  anil  its  jmtkHe  walL    The  unetpial  pressure  "f 
the  embank uiont  is  also  freipiently  tlie  wiuse  of  irregular 
aettlcmcntn,  tending  to  break  or  dislocate  the  culvert  mascmn'. 
In  all  properly  cteputeti  works  it  is  novv-  usujd  to  leave  the 
embankment — the  stability  of  which  is  of  the  first  inijK>rtniife 
—perfectly  intact,  and  to  lay  tlie  discharge-piijes  of  the  reser- 
voir in  a  detache<l  tunnel  excavation  made  in  the  noWil  gnjund, 
passinj;  them  througJi  one  or  more  watertight  bulklieads  of 
stops  in  the  tuiineL    Careful  provision  h  also  made  to  prevewt 
the  water  in  the  reservoir — which  may  titaial  at  a  threat  lieiglit 
above  the  tunnel  pjussage — from  passing  along  the  outside  »>f 
\bs  lining,  which  latter  may  Ih«  either  of  maf^otiry  ur  of  ipon. 
The  passage  of  water  through  the  pipes  cArricd  in  the  tuniif), 
is  controlled  by  snibible  valves  anil  gearing  convenienllv  p 
near  the  bottom  of  a  ivater-lower  built  up  from  a  good  foun 
tion  in  the  IkhJ  of  the  rchervoir;  tliis  lower  l>eing  eoimect 
with  the  shore  by  means  of  a  service  foot-briilge. 

There  will  be  but  few,  if  any,  cases  of  water-^ipply  wh 
some  method  of  straining  or  scivening  the  water  before^  i 
admission  into  tlie  pipes  or  conduits  will  not  l>e  nccesAarv,  ' 
order  to  get  rid  of  the  grosser  soh'd  matter  held  in  8Ufi})onfii 
in  the  water  and  prevent  its  clioking  them.    It  is  usual  to  { 
the  water  through  Hue  wire-gauKe  strainers,  generally  titled  i 
the  water*towt'r ;  but  thei»e,  even  if  very  fine,  are  often  iiun 
cient  to  excluile  lish-s|Miwn.    In  IWdiay,  fislies  which  had  n 
doubt  passed  throtigh  the  strainers  in  tlie  *hape  of  spawn  we 
fonnerly  fonml  in  tlie  water-supply  pifies,  grown  to  a  Icn^ 
of  over  4  feet,  together  with  Ci  l*  of  even  greater  length,  a 
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l!i  iiulii's  in  girtli.    TIk'nc,  hih!  (itlK'v  (onus  ni'  nuitiiul 
dying  in  the  pi|xs  nm*ssari!v  foul  tin*  waIc'I\  nnd  render  it 
injiiriixis  for  drnikin^  iiiirposi's.    Hentv  tlir  iKri's.sihv  of  very 
^rwit  cittv  in  ffficieutly  screftiing  thir  water  liefore  its  i.'ntry 
intf>  any  system  of  piping. 

If  ihi*  di't'iini>tanr4*s  of  tlu-  coal*  are  slicIi  tli^t  no  suitHhlt' 
site*  exists  tor  tlie  construction  of  Ji  storn^rf  reservoir  nt  a 
sulficietit  elevation  to  ^-oinamnd  iUv  town,  or  if  for  otlier 
reiLsons  it  is  c■on^iiderel.l  preCenilile  to  oUtnin  the  roi|nireil 
supply  of  water  by  puuij>ing,  the  engineer  will  rejsort  either  to 
the  stores  of  water  contained  in  the  snhsoil,  and  will  collect  it 
intt>  wells,  Mink  lo  a  suffieient  ilufith,  from  mIulIi  it.  ejui  be 
pinnpeij,  or  he  will  diaw  tl<e  water  from  some  penimuent  river. 
In  either  case  lie  will  have  to  provide  sufficient  en«;ine  ptjwer 
to  Dverconu'  the  friction  of  the  water  in  tlie  pipes^  and  to 
raise  its  whole  weight  to  an  elevation  sullieieiit  for  his  pnr- 
po«»e.  If  the  snb$oi1  water  is  to  Ik*  utilised^  he  will  Imve  to 
take  ju;reat  eare  that  the  wells  are  so  located  tlnit  the  water 
collei'ting  in  them  is  not  liahle  to  eontaininatitni  fronj  organi- 
cally impure  surface  drainage,  and  in  case  of  river  supplies 
there  will  he  few  eases  where  it  wil!  not  he  iiecesKary  to  clear 
the  water  from  sediment  and  other  impurities,  by  moans  of 
tling  tankfs  and  filtration  previons  to  its  distrilnition. 
Water  drawn  from  river  or  even  well  sources  cun  sometimes 
be  supplied  by  gravi tuition  if  the  water  is  tupped  at  asnflicientty 
high  level  to  command  the  town,  in  which  case  n  weir  across 
the  river,  nnd  probably  ft  very  long  delivery  at[ncduct  may  be 
rcquirL'iL  Or  the  water  may  be  delivered  by  gravitation  to 
the  neighbourhood  of  the  t<iwn,  and  then  pumped  into  higfi 
'ice  reservoirs,  from  which,  after  passhig  tbroufjh  settling 
d  filtering  tanks,  it  can  be  distributed  by  gravitation. 
From  the  source  of  supply  to  the  town,  the  water  in 
I  CAses  is  conveyed  cither  in  caf;t-iron  pipeft^  or  in  canals  or 
conduits,  open  or  coveretJ  4>ver^  or  prtrtly  in  the  one  manner 
and  partly  in  the  other*  The  selection  of  the  particular 
method  of  conveying  the  water  will  be  governed  by  various 
consideration!^,  among  the  principal  of  which  will  be  the  "rrtater 
heml  required  to  overcome  friction  in  pipes  as  compared  with 
canali^  or  conduits.     In  ca^cs  where  the  source  of  supply  is 


444  PUBLIC  WORKS  OF  INDIA 

situated  at  a  great  distance  from  the  town  to  be  served,  con- 
duits or  open  channels  will  be  economical,  but  the  great 
expense  of  constructing  masonry  or  other  aqueducts  acros 
wide  and  deep  valleys  will  certainly,  or  probably,  necessitate 
the  cheaper  expedient  of  cast-iron  piping  in  the  form  of  sn 
inverted  syplion  in  such  situations.  Whatever  may  be  the 
means  employed  of  conveying  the  water,  the  pipes  or  aqueducts 
w^ill  usually  terminate  in  a  '  service''  reservoir  near  tlie  town, 
constructed  in  such  a  situation  as  to  command  the  whole  area 
to  be  supplied  by  gravitation.  The  capacity  of  this  reservoir 
will  be  sufficient  to  contain  at  least  several  days'*  supply  of 
water  in  order  that  the  aqueduct  may  be  occasionally  laid  dty 
for  necessary  repairs.  At  the  outlet  of  the  service  reservoir, 
meters  or  appliances  for  exactly  measuring  the  quantity  of 
water  issuing  from  it  will  be  generally  provided,  so  that  any 
unusual  consumption  may  be  at  once  detected.  From  this 
point,  the  distribution  of  water  over  the  district  to  be  supplied 
will  be  effected  by  means  of  main  and  service  pipes,  provided  at 
various  points  with  the  necessary  valves  and  fittings  to  control 
and  regulate  the  flow  of  water,  and  with  standards  or  cisterns 
to  deliver  it  wherever  i*equired. 

If  the  water  should  require  cleansing  and  filtration  before 
distribution,  this  operation  can  be  carried  out  at  any  point 
between  the  source  of  supply  and  the  service  reservoir.  In 
order  to  get  rid  of  the  main  mass  of  the  sediment  that  may 
be  contained  in  the  water,  it  is  usually  led  or  pumped  in  the 
first  instance  into  a  settling  tank,  or  tanks,  where  an  interval  is 
allowed  for  the  sediment  to  sink,  and  be  deposited  on  the 
bottom.  The  cleared  water  is  then  passed  into  a  filtering 
chamber,  and  is  made  to  pass  through  beds  of  various  filtering 
materials,  such  as  clean  pebbles,  coarse  and  fine  sand,  charcoal^ 
etc.,  after  which  it  will  be  ready  for  distribution. 

The  reader  will  now  probably  have  gained  a  general  idea  of 
the  more  ordinary  arrangements  made  for  the  water-supply  of 
towns,  sufficient  at  least  to  enable  him  to  follow  the  outline 
descriptions  of  some  of  the  chief  works  of  this  kind  executed 
from  time  to  time  in  India,  to  which  we  will  now  proceed. 
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Ejcjwnples  of  Indian  walerwurks — Bombay  watcr-siippl)"  Kapid  devdDpmcnl 
of  Bombay— Early  studies  for  improving  the  water-supply— Rainfall  at 
Bombay — Salsctte,  and  surveys  of  the  course  of  ihe  floper — The  Vehat 
basin  — The  Vehar  reaervolr — Principal  detaiU — Further  surveys — The 
Tuliii  scheme — The  Tansa  reservQir  pJojccL — I'rmcipal  details  of  construc- 
tion— Cost  of  works— Opening  ceremonial  in  March  1S92— ExLroet  from 
speech  by  Viceroy — The  Sholapur  Waterworks — Eknik  Tank— Low-level 
canftl— Sanitar)'  comrtiisfiioner*'  report — Proposals  for  permanent  water, 
supply — Description  of  waterworks  scliemt;  as  carriud  out — Low  rate  of 
constimption  —  Pumping  power— SeiUing  lanks^HiEh  service  reservoir — 
Low  service — Supply  pipe  and  distribution — Opening  i>f  works. 

Bombat/  Waterworks  1856  to  1892 

TitK.  exam}>Ies  of  moUern  walerwoi'k^i  given  id  the  followijjjj 
|mgt??}  are  acmngetl  chiefly^  alt iKnigli  iK)t  entirely,  in  Lht?  order 
of  their  date  of  construction.  In  the  importiiiit  capital  city 
of  Homljav  are  to  he  fonrt<l  the  t-arlicst  in  point  of  tiate,  as 
well  a-s  the  latest,  and  nmst  eoiisitlenible  of  the  C!«ample9 
selected  for  illustration.  It  will  be  convenient,  therefore,  to 
commence  with  the  ivuter-supply  arrange  in  eiiis  of  that  city. 

The  extrnordinarily  rapid  development  in  modern  times  of 
tJje  p>piilatioii  and  importance  of  the  city  of  Bombay,  due, 
not  only  to  the  exceptional  advantages  conferretl  by  geo- 
f^phieal  position,  and  the  possession  of  a  magnificent  natural 
harbour-,  but  to  the  energy  and  commercial  activity  of  its 
itiliabitant^,  has  been  accompanied  with  a  more  than  equally 
rapid  development  of  its  water-supply,  so  that  at  the 
present  time  there  is  probably  no  city  of  the  old  world  that 
can  compete  with  it  in  the  al>nndance  and  excellence  of  its 
water. 

Sixty  years  ago  the  popidation  of  Boniliay  was  only  about 

or. 


446  PUBUC  WORKS  OF  INDIA 


250,000  persons.    In  the  year  1850  it  had  grown  to  556,000. 

In  1857  it  was  estimated  at  700,000,  and  by  the  last  censw 
of  1891  it  had  reached  a  total,  including  the  city,  isbnd, 
and  cantonments,  of  821,764.  Before  the  construction  of  the 
first  water-supply  reservoir,  viz.  that  designated  the  *  Vebar 
Lake**  in  1857-58,  the  population  of  the  city  was  mainlj 
dependent  for  nine  months  of  the  year  on  the  rainfidl  caught 
during  the  monsoon  in  old  quarry  and  other  shallow  excava- 
tions which,  being  situated  in  the  midst  of  a  peculiarly  dense  and 
dirty  population,  became  so  thoroughly  contaminated,  espedallj 
during  the  hot  season,  that  a  charge  *  for  clearing  dead  fish  from 
the  tanks '  was  an  item  of  annual  recurrence  in  the  accounts  of 
the  town  authorities.  An  almost  constant  prevalence  of  malig- 
nant fevers  and  cholera  epidemics,  and  an  abnormal  death- 
rate,  checking  the  natural  growth  of  the  population,  was  the 
inevitable  consequence  of  the  extreme  pollution  of  the  only 
drinking-water  the  lower  classes  could  then  obtain. 

The  deficiency  and  impurity  of  the  available  water  became 
so  great  as  to  occasion  serious  alarm,  both  to  the  GovernmeDt 
and  to  the  public,  and  the  possible  consequences  of  ev^en  a 
partial  failure  of  tlie  local  monsoon  rainfall  became  so  appalling, 
that  tlie  most  strenuous  endeavours  were  made  to  search  out 
and  discover,  witliin  a  reasonable  distance  of  the  city,  some 
source  of  water-supply  capable  of  meeting  the  growing  demands 
of  the  popidation.  The  Island  of  Bombay,  from  seven  to  nine 
miles  long  and  three  broad,  is  composed  of  a  low  tract  of  clayev 
land,  situated  for  tlie  most  part  below  the  level  of  the  highest 
tides ;  lying  in  a  hollow  between  two  low  ranges  of  basalt  hills 
wliicli  run  nearly  parallel  witli  each  other  at  a  distance  of  about 
two  miles  ajmrt.  At  the  upper  and  lower  extremities  of  the 
island  these  parallel  ranges  of  liills  are  united  by  raised  sandv 
beaches,  elevate{l  but  a  few  feet  above  tl»e  level  of  the  sea,  and 
formerly  liable  to  be  breached  by  the  waves ;  a  large  portion 
of  the  present  area  of  the  island  was  consequently  at  one  time 
a  salt-water  lagoon,  or  marsh,  until  the  water  was  shut  out  by 
artificial  means,  and  it  was  gradually  drained.  On  the  north 
and  north-eastern  sides,  the  Island  of  Bonibay  is  now  connected 
with  the  adjacent  islands  of  Salsette  and  Trombay,  from  which 
it  is  only  separated  by  a  low  mangrove  marsh,  by  several  road 
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sewajTf^,  and  tlie  railway  enibatikmeuts  and  bridges*  which 
'te  both  it  and  the  intervening  island  of  Salsette  with  the 
in  continent  of  India,  Tfu*  annual  niiiifall  of  BuDibay — 
L'ipitaled  enlirelv  during  tht*  mousoon  season,  from  early  in 
le  to  late  in  Sfptcniber — varies  from  80  to  over  100  inches, 
der  siK'h  fiydnifrraphKnl  and  geological  renditions  a  supply 
water  fi'oni  the  siibsml  wjus  tjhvtoiisly  out  of  the' i)ue»tion  ; 
e  only  possible  source  of  supply  being  tlie  collection  and 
oragc  of  tile  rainfall  sanietthcre  within  a  reosoijable  distance 
i>f  tiie  city.  So  Ion*jr  a^^o  as  IIk'  ywir  1828,  a  projiosal  was 
made  by  Colonel  Sykes,  chitirnian  of  tlie  late  Honourable  East 
India  CoiufKxny,  for  c<illecting  and  impounding  the  surface 
drainage  of  tfie  low  ranges  of  hills  immediately  ail'iacent  to 
ilonibay.  U  was  also  proposed  Uy  bring  into  the  town  water 
eoUeeted  and  stored  on  the  high  land  of  the  neighljouring 
[aland  of  Tronibay,  Nothing  wii-s,  however,  done,  either  at 
it  titne  or  subsequently^  xvlien  under  severe  pressure  of  water 
nine  Coh>nel  Syke;^*is  project  wa*  iwived  in  the  yenr  1845. 
1840  Captain  Crawford,  of  the  Bombay  EngiiicerSj  pointed 
the  capabilities  of  the  Goper  valley,  in  the  northern  island 
Siilsette,  *  Tlie  central  plateau  of  which  is  draiiieil  by  the 
►per  and  its  afWuents,  and  is  bounded  and  intersected  by 
iges  of  hills  amongst  which  the  occurrence  of  favourable  sites 
the  storage  of  water  niiglit  be  certainly  predicted."'  The 
ttance  of  this  source  of  supply,  and  the  inevitable  costliness 
the  works  involved  Avere  serious  consideralions,  so  that  it 
not  until  tlie  year  1851,  whvn  the  population  of  Bombay 
reached  nearly  GOO^OOO  persons  and  in  the  following  yeai's, 
it  preliminary  and  detailed  suneys  of  the  course  of  the 
tper^,  and  of  other  neighhoirriug  sources,  iirmly  established 
conciuHion  that  the  former  vuUey  was  not  only  the  nearest^ 
it  the  then  onhj  practically  possible  locality  from  whence  aij 
leiiuate  ^supply  of  water  coiihl  be  obtained, 
[It  was  foiMuI  that  the  high  ground  on  whicli  the  river  Goper 
tea  its  ripie  afforded  several  excellent  sites  for  storage  reservoirs* 
more  detailed  investigakifHi,  tlie  basin  of  Vehar  \\ti&  shown 
to  be  sufficiently  capacious  for  the  coUeetion  and  storage  of  a 
suppiv  of  water  judged  to  be  amply  sulficient  for  some  years 
come.     The  ipiantity  then  consitJcred  necessary  for  the 
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wants  of  Bombay  was  estimated  at  a  daily  consumption  d 

nearly  eleven  million  gallons,  or  4000  millions  annually.  At 
the  rate  of  twenty  gallons  per  head  per  day  this  would  suffioe 
for  a  population  of  500,000  persons,  whereas  the  population  of 
Bombay  was  already  estimated  at  nearly  700,000  (1856).  It 
was  urged,  however,  that  the  proposed  supply  would  be  in 
addition  to  that  derived  from  existing  sources,  and  that  financi«l 
considerations  were  of  paramount  importance.    On  the  other 
hand,  it  was  admitted  that  the  extremely  rapid  rate  at  which 
the  population  was  increasing  rendered  it  imperative  that  the 
works  should  be  designed  with  a  special  view  to  capabilities  of 
future  extension,  and  that  it  was  most  desirable  that  the 
reservoir  should  be  made  as  capacious  as  possible,  in  order  to 
contain  a  reserve  sufficient  to  meet  the  contingency  of  a  defi- 
cient monsoon. 

The  area  draining  into  the  V^ehar  basin,  above  the  sites 
proposed  for  the  impounding  reservoir  embankments,  is  a  little 
over  6  square  miles,  capable,  however,  of  being  enlarged  to 
over  8J  square  miles  by  the  extension  of  catch-water  drains 
along  the  western  slopes  of  the  boundary  bills.  It  was  con- 
sidered that  the  mean  annual  rainfall  over  the  Vehar  basin 
might  be  safely  assumed  at  124  incites — or  tliat  registered  at 
the  sea-level  near  Tanna — and  that  deducting  *^  of  this  fall,  the 
remainder,  or  74*4  inches,  would  yield  an  available  annual 
supply  of  6600  millions  of  gallons  from  the  smaller,  and  about 
9000  millions  of  gallons  from  tlie  larger  area.  The  actual 
storage  capacity  assigned  to  the  Veliar  reservoir  was  10,800 
million  gallons,  whicli,  after  deduction  for  evaporation  and 
absorption,  would  leave  an  available  supply  of  about  9800 
million  gallons.  As  the  annual  rainfall  available  for  storage 
on  the  smaller  catchmoiit  greatly  exceeded  the  consumption 
of  Bombay,  it  was  calculated  that  the  reservoir  would  retain 
a  volume  of  water,  as  a  reserve,  nearly  equivalent  to  a  two  years' 
supply. 

The  detailed  phuis  and  estimates  for  the  construction  of  tht* 
Vehar  reservoir  were  elalM}rated  between  the  years  185S-56, 
and  the  work  of  construction  was  commenced  at  the  end  of  the 
latter  year.  This  large  artificial  lake,  when  filled  to  the  level 
of  the  wastc-weir,  has  a  maximum  depth  of  84  feet.    It  covers 
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urea  of  1394  acres^  or  ^17  istjuwre  inilos,  and  it  staiiilsi  at 
60  feet  ftlxjve  the  general  level  of  Bonilmy.    Tlie  water  m 
poundeci  t)y  three  stone-protected  earthen  einl)nnktTient^, 
feet,  49  feet,  and  84  feet  high  respectively.    The  top  width 
the  highest  of  these  is  S4  feet  and  of  the  two  otljerft 
feet,  tlie  inner  slopes  in  everv  case  l)dng  3  to  1,  and 
le  tiutcr  2J  to  1.    Eiidi  emlHinkment  contains  in  its  centre 
puddle*wall  10  feet  thick  at  the  top,  with  n  batter  on  eacli 
"de  of  1  in       The  puddle-wall  trenches  were  excavated  from 
5  to  25  feet  deep,  throucrh  the  surface  rtx'k,  helow  all  imrface 
springs,  and  well  into  the  impervious  solid  l>a»ilt  below. 

The  whole  of  the  embankment  slopes  and  top  snrfaces  are 
►vered  with  a  piteliing  of  square<l  basjilt  stone  twvlve  inches 
thickness,  faid  on  a  similar  thickness  of  broken  stone.  It 
considered  necessary  to  cover  the  top  and  external  slopes 
order  to  protect  them  from  injury  by  the  excL'cdin<^lv  heavy 
lonsoon  rainfaU  of  the  locality.  A  waste-weir  358  feet  long, 
Lving  a  eroHH  width  of  20  feet,  and  faced  with  chisel-dresscil 
:oiie  set  in  eenient,  was  provided  for  tfie  escape  of  surplus 
rater.  The  water  is  withdrawn  from  the  reservoir  tJn*ougli  a 
►wcr  erected  near  the  foot  of  the  inner  slope,  tlie  (ip[>er  floor 
»f  whicli  is  connected  with  the  lop  of  the  emlMi-nknitiit  by  a 
[irder  foot-bridge  in  two  spans  of  85  feet  6  inches.  The  tower 
provided  with  four  iideb,  each  41  inches  in  diameter,  placed 
it  vertical  intervals  of  Iti  feet.  The  three  inlet-i  not  in  use 
closed  by  conical  plugs,  faced  with  gun-metal^  and  the  fourth 
o[>en  inlet  is  snmnounted  by  a  wrought-irojs  straining  cage, 
ivcred  with  co])per'wire  gauze  of  30  meshes  to  the  inch,  and 
iving  ft  surface  area  of  54  s<]uare  feet.  T\w  conical  plugs 
td  straining  cage  are  each  capable  of  being  raised  or  lowered 
u  gearing  fixed  on  the  toji  floor  of  the  tower*  At  the 
bottom  of  tlie  tower,  or  inlet  well,  anil  exactly  over  the  orifice 
■the  supply  main,  a  conical  seat  carries  a  siinilnr  straining 
of  copper-wire  ganxe,  having  forty  meshes  to  tlie  inch- 
'he  water  thus  pisses  through  two  strainers  before  starling  for 
tomlwy. 

The  supply  main,  41  incheti  in  diameter,  and  1}  inehen  thick 
la  passed  below  the  ]>rineipal  embankment,  lieing  laid  in  a  level 
ktrencli  vxeavated  in  the  rock,  and  filled  with  coneretcj  and  is. 
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therefore,  unfortunately  inaccessible.  That  portion  of  the  pipe 
line  passing  through  the  puddle  trench,  is  supported  on  cut 
stone  masonry  set  in  cement.  It  is  coated  with  6  inches  of 
puddle,  and  is  then  arched  over  with  4  rings  of  brickwork; 
two  teak-wood  wasliers  being  fixed  transversely  on  the  pipes  to 
prevent  water  from  creeping  between  the  latter  and  the  puddle. 

The  sluice-house  is  situated  at  the  outside  foot  of  the  em- 
Imnkment.  Here  the  large  41 -inch  main  bifurcates  into  tvo 
mains,  each  32  inches  in  diameter.  One  of  these  branches  onlv 
was,  in  the  first  instance,  continued  into  Bombay ;  the  quanti^ 
of  water  delivered  by  it  being  considered  sufficient  for  the 
requirements  of  the  population  at  that  time.  The  length  of 
the  d2-incli  main  from  the  Vehar  reservoir  to  Bombay  is  nearij 
14  miles,  and  its  water  was  distributed  throughout  the  town 
by  means  of  sub-mains  and  service  pipes  in  the  usual  manner; 
delivering  water  under  a  head  of  pressure  varying  from  165  to 
180  feet,  into  the  houses,  as  well  as  gratuitously  to  a  large 
))roportion  of  the  inhabitants  by  means  of  self-closing 
conduits.^ 

The  supply  from  the  Vehar  reservoir  was  first  delivered  into 
the  city  of  Bombay  througli  tlie  3S-inch  main  in  March  1860. 
The  works  had  been  originally  estimated  to  cost  ^50,000,  but 
the  final  capital  outlay  on  the  project,  including  subsequent 
developments,  reached  a  total  sum  of  £650ftOOy  the  ultimate 
draw-off  from  the  reservoir  reaching  a  maximum  of  about  12 
million  gallons  per  day.  No  very  long  time  elapsed,  however, 
after  the  completion  of  the  Vehar  sclieme,  before  it  became 
evident  that  further  steps  would  very  shortly  be  imperative  to 
augment  the  water-supply,  owing  to  the  rapidly  increasing 
trade  and  population  of  the  city,  due  in  great  measure  to  the 
opening  up  of  tlie  niilways  connecting  Bombay  with  the 
interior  of  the  country. 

In  tlie  year  1868,  survey  parties  were  sent  out  into  the  island 
of  Salsette,  and  into  the  mainland  beyond  it,  to  study  and 
report  upon  the  roost  favourable  sites  for  reservoirs,  as  well  as 
the  most  economical  means  of  collecting,  storing,  and  conveying 
into  the  town,  an  adequate  supply  of  water  to  meet  the  wcll- 

^  Abridged  from  a  descriptive  paper  on  the  Vehar  Water-supply,  contained  in 
vol.  xvii.  (1857-58)  of  the  Min.  of  Proc,  of  the  Institute  of  Civil  Engineers. 
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Ml  mjuirt-nK-titji  uf  Ihe  near  future.    In  Hk-  following 
a  specirtl  coimnission  appointed  by  Govcniment,  considered, 
I  rtjectcd  rts  too  uinbitious,  n  propositi  for  ft  huge  itrtilk^iHl 
at  Shivlu^  wttli  mi  mrtheii  dam  9(5  foi't  higli,  and  ft  steel 
56  miles  long.    The  commission,  lu)wev'er,  rt?eamnietided 
e  con^trlJcHon  of  n  smaller  reservoir  at  TiiLsi,  sitiialetl  near 

Kcx'k'brtiU'd  CHve  tenij>les  of  Kennery  in  the  northern  part  of 
island  it(  Salttette.  Notliiiig  wasj  however,  definitely  decided 
n  hy  the  town  nuthorities  at  this  tirae^  the  Tulsi  scheme 
L^eiiijT  coiistdereil  ioudetpiatt' ;  but  Wtwoen  the  years  1870  and 
^■fd  tietailed  and  more  exhaiit$tivc  studies  and  ;^ur%*ey0  were 
rc&riwl  out,  both  on  the  island  of  Salsette,  and  on  tlie  neigh- 
ymridg  mainland  of  the  Coiiean^  witli  a  view  to  ascertain  the 
extent  of  the  resourcest  practically  avaihibU-  fur  an  exten- 
^Hl  of  the  water-supply  adeijuate  for  the  growiiit^  demands  of 
PIBnibay.  Ttiese  surveys  resulted  in  the  first  discoverv  aiul 
^  recommendation  of  a  site  for  a  reservoir  tif  enormous  projHir- 
^  tions,  sittinted  below  the  spurs  of  the  Western  ffhdti/f  on  the 

Ssa  rivfr  ;  a  «^i*iantie  work  eventnallv  earne<l  out,  and  only 
recently  brought  to  completion, 
I  the  memitiniu  the  proposals  for  the  construction  of  the 
ier  water-supply  reservoir  at  Tulsi  wen-  aigain  considered, 
,  luid  the  execution  of  ih\»  work  being  determined  u|>on,  it 
was  put  in  hand,  and  was  fomiiletcd  in  the  year  1S79.  The 
Tutsi  reservoir  provideil   the  town   w  itii  an    additional   4 A 
miilinnst  of  ^aIlon»  per  day,  raising  the  total  daily  eon«uniptinh 
of  water  to  16J  iriillion  «;allons.    Tliis  was,  however,  but  a 
^  mtrv  tfin|Hjrrtrv  slaking  of  the  ever-gn>wing  thirst  of  the  eity. 
I  Within  4i  years — that  is  to  say,  as  mrly  as  tJie  10th  August 
HHS,  a  motion  was  proposcii  and  earrit-tl  at  a  meeting  of  the 
|PB9Dtci|>Jil  0}r|H>nitit>n   to  the  eflt'ct,  tliat  tlie  waU-r-sappIy 
raA'ailable  from  I  he  Vehar  and  Tuliii   reservoirs  l>eing  only 
ient  for  the  ordinary  domestic  wantM  of  the  town,  apart 
|it«  Iratli's,  induslries,  and  sewerage  M's(eni»  it  was  absolutely 
iry  to  provide  au  atlditional  anti  permanent  f-upply  from 
igh  level  siniree,  wtiich  would  give  the  eity  a  continuous 
ply  at  full  pressure.    Whereupon  the  Municipal  Com- 
'oner  was  called  upon  to  furnish  tlie  (*ur])oration  wiUi  a 
!»chen)e  for  such  ijicreasetl  supply. 
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The  exhaustive  surveys  riiitl  studies  niaile  in  1870-72,  luui 
demonstrated  that  the  construction  of  the  TAnsa  reservoir 
scheme  wmihl  hr  in  the  naturt'  of  a  final  fietHement:  oftW 
question  of  watL-r-suppIv  for  Hoinhav,  aiul  this  sehciue  liaii  no« 
come  within  the  range  of  pnutical  niujiicipnl  politics,  Tlif 
Miinifipal  Commifisioneraeeordinglv  rtrt^mmeiitlfd  itsailoption, 
and  that  a  working  survey  and  ilctailed  ostiniates  shoiiUl  l»e 
uiuLi-tnkfn.  Tliis  recoiinnendation  was  accepted  ;  a  Rum  «f 
£^10,()00  was  voted  for  preliniinnrv  expenses,  and  on  the  19tb 
Novend)er  1885,  the  CoqM>rMtion  piissed  a  resolution  accord- 
ing Kaiiction  to  tlic  eomlriiftion  i>f  the  Taii^a  wjiterwurkft. 
estimattxl  to  supply  the  town  witli  a  daily  supply  of  17  millioii 
gallons,  at  a  cost  of  X*l,!2:3O,0O(>.  Tlie  evc'tutiou  of  lliii 
niagniiicent  project,  whicli  ranks  amongst  the  foremost  w- 
amples  of  modern  engineering  mulertakinn's,  wa.^  comnierieed  in 
January  1885,  and  was  opent^^l  with  ^reat  ceremony  l»y  Ihe 
\  iceroy  and  Governor- General  of  India,  on  the  Slst  March 
1892. 

The  Tansa  i^en'oir  is  situate<l  at  a  distance  of  about  55 
miles  from  Bomliav  in  a  north-wf.steHy  direetion.  It  he*  on 
the  mainland  of  the  Concan,  Iwlow  the  hpurs  of  the  Western 
^hats,  in  a  considerable  valley  boundt^l  by  low  hiUs,  distant 
about  7  miles  from  the  AtguTmi  station  of  the  Great  Indian 
Peninsula  Railway.  Here  a  mighty  uuLsonry  dam,  or  solid  wall 
of  artificial  rock,  stretching  for  nearly  2  miles  across  the  Tansa 
country,  and  intercepting  two  eonsiilcrahle  rivei-s,  ha*  Ihh'ii 
mircd,  forming  behind  it  an  immense  deep  artificial  lake, 
having  a  waterspread  covering  from  6  to  7  s(|uare  miles,  foriucrlv 
a  dense  jungle.  The  catchmL-nt  area  draining  into  this  lakei^ 
52  square  miles  of  hilly  conntrv. 

The  damj  which  is  built  of  rubble  masonry,  h  one  of  i\ie 
large&t  in  existence,  being  snqmssed  onlv  in  point  of  height 
by  twti  or  tliree  large  masonry  dams  in  France.  It  C4iTiUim 
no  less  than  11  millions  of  cubic  feet,  or  407,408  cubic  vards, 
of  masonry,  a  qnantity  sufficient  to  build  a  wall  lOi  inili^s  Ion? 
10  feet  lugh  and  2  fei-t  thick,  ur  to  construct  a  fortitication  rouml 
the  whole  island  of  BombtiVj  10  fet»t  high  and  6  feet  thick.  The 
duct  leading  the  water  from  the  reservoir  is  55  miles  long,  con- 
Bifiting  of  about  ^^'Indles  ofjiiasonry  conduit,  cnrrie*!  at  nimierou» 
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pciiuts  oil  maflsive  Aqueducts,  27  miles  of  iron  main  4  feet  ii» 
intminl  Jiantetcr,  nhuut  4  miles  of  tunned  Ami  nearly  a  mile  ot 
ginler  Uritigt*s,  This  gii^tiii tic  work,  wlkieli  iiwiv  l>e  reganied  as 
the  ^^lle^t  lowii  wftter-suj>jj!y  si^hcme  in  Uie  wurtil,  has  beoti  niude 
cn]iiililc  of  pnjvi<liri|f  a  generous  supply  of  jiure  water  to  a 
larger  po[>utrttiou  Uiaii  HiJiulMiy  w  likely  to  possess  for  twi-uty 
year^  to  eoiae.  It  Wita  es^timateil  lo  supply  17  million  ^illcins 
of  water  per  day,  but,  as  a  matter  of  fact,  can  easily  deliver 
from  no  to  21  niilliotis.  It  is  adculated  that  during  the  hot 
season  of  189^,  and  6iib?;eip]eut  years,  the  Mater-supply  of 
BoiiihAy  from  tlie  lansa,  Velmr,  and  TuUi  reservoirt*  (alluwing 
for  a  reduced  drftW-«)H*  of  D  instead  of  12  million  gallon^  from 
Vt'luir,  which  had  hitherto  been  overtaved)  will  reach  from  3t) 
to  tl^  million  |;aU<ms  per  day,  agaiu&t  16  ndllious  available 
in  tJic  previous  year — or  nt  the  rntc  of,  at  Iwist,  40  ^^hUods  per 
heaiJ  of  population  per  day,  Uy  laying  an  adilitiotiaJ  nitiin 
from  the  reservoir,  the  wiiter-supply  fronj  (he  'J'ansn  lake  as 
conxtritcted,  can  at  any  time  he  jjicreaAcd  to  ^6  niiliiiJtt  ^ndlons 
|>cr  day.  Nor  *loes  this  exhaust  the  hpeciid  provision  made 
I  for  the  fiituix\  Hy  rnisinj^  tl»e  heij^Ut  of  the  dann  to  an  extent 
i  duly  provithnl  for,  the  available  i^torage  ea|jacity  of  the  reser- 
voir can  be  incn'Oited  ho  tis  to  jiuppty  no  tliaii  1>8  ntillioiis 
of  gallon:!  |KT  day. 

The  estiumted  cost  of  the  Tansa  WHtcr-snjiply  projei't  was 
£\^^KmX    It  has  actually  cost  i?l ,500,tK)a,  or  a  eror^^  and  a 
half  of  rupees,  and  take:9  rank  as  the  most  costly  municipal  w<trk 
cfirrie<]  imt  in  India  np  lo  tfie  pn'sent  time.    On  the  occanion 
of  the  forma!  opening  of  the  water- work*,  in  (he  pnwiKc  of 
!  an  immense  concourse  of  people  on  the  iJl^t  March  1892,  tlic 
Viceroy  and  Governor-General  of  India  is  reported  to  have 
remarked  ii*  follows :  *T]ie  benefits  of  such  a  Mipply  of  water  to 
lyotir  great  anil  growing  population  cannot  be  nverrated.  It 
^^f>n  record  that,  5K)0  yeurs  ago,  a  traveller  who  viiitetl 
iHland  of  Btunlmy  declared  not  only  that  provision&  were 
•carcc  And  IkuI,  but  that  the  unhealthiitess  of  the  water  bore  a 
t  proportion  to  the  scarcity  and  meanness  of  the  diet.    It  ih 
ity  that  we  cannot  recall  that  traveller  to  life,  and  show 
your  Mplemiid  markets,  which  a  predece&sor  of  mine  haa 
^  to  he  finer  than  those  of  any  great  city  of  Kunnw, 
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and  the  works  which  we  are  to  open  this  evening.  There  will 
not  be  a  resident  in  the  city,  from  His  Excellency  at  Malabar 
Point,  to  the  dweller  in  the  humblest  native  bazaar — who  will 
not  be  a  gainer  by  what  you  have  done.  There  is  no  result  of 
European  civilisation  in  India,  which  I  look  upon  with  more 
unmixed  satisfaction  than  I  do  upon  the  great  water-works, 
which  so  many  of  our  principal  cities  have  lately  called 
into  existence.  I  never  look  at  a  stand  pipe  in  a  dusty  street 
without  feeling  that  here  at  least  is  something  which  our 
civilisation  has  done  for  the  country,  and  which  has  conferred 
upon  it  an  absolutely  unmixed  advantage.  ...  I  am  glad  to 
congratulate  your  municipality  on  the  readiness  with  which,  as 
the  representatives  of  the  ratepayers  of  Bombay,  they  have 
faced  the  responsibilities  of  tliis  great  enterprise.  There  is, 
however,  a  special  reason  for  which  it  is  satisfactory  to  be  able 
to  dwell  on  the  success  which  has  attended  municipal  self- 
government  here.  Bombay  may  claim  for  itself  tlie  credit  of 
having  been  the  city  which  was  the  first  to  introduce  into 
India  a  true  measure  of  municipal  self-government,  and  when 
the  history  of  municipal  institutions  in  this  country  comes  to 
be  written,  the  Bombay  Council  Act  of  1872,  which  for  the 
first  time  gave  to  your  citizens  a  corporation,  elected  in  great 
measure  by  the  ratepayers  of  the  city,  will  certainly  be  regarded 
as  the  most  important  departure  of  this  kind  which  has  yet 
taken  place  in  India.  The  completion  of  these  works  proves 
that  the  municipal  resolution  of  1872  gave  to  your  city  some- 
thing more  than  an  ingenious  paper  constitution.  It  gave  to 
it  a  civic  body  capable  of  seeing  the  necessity  of  such  a  project 
as  this,  capable  of  undertaking  it,  capable  of  carrying  it 
through  under  the  supervision  of  its  own  officers.'' 

As  an  evidence  of  the  firmness  and  stability  of  the  financial 
credit  of  the  corporation  and  city  of  Bombay,  it  may  be  stated 
that  in  the  year  1885,  when  the  Tansa  water-works  scheme 
was  determined  on,  the  municipality  was  in  debt  to  the  extent 
of  £1,3S5,5\5,  anil  its  paper  stood  at  lOOJ.  In  1892  the 
debt,  after  the  completion  and  payment  for  the  works,  stood  at 
i?3,565,255,  and  its  {mper  at  nearly  114. 
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Shofapur  }Vahficorks,  1879  fo  \m\. 

The  water-ivorks  carried  out  for  tlie  sujipiy  of  Sliolapur,  tljc 
chief  town  uf  tlie  Sliohipur  tli^^trit  L  ttt'  tlic  Hcmilmy  I'lesidencv* 
is  an  example  of  a  stnall  hut  very  vaKiahle  ami  effl'ttivc  Hchcnji*, 
Thesie  water-works  were  commencwl  in  the  yoftr  1879,  anJ  were 
ptut'tically  completed  early  in  1881.  Th*  population  of  tlio 
town,  as  given  hy  the  census  of  the  latter  year,  consisted  of 
59,437  inhabitants,  of  whith  57,000  were  reckoned  as  per- 
manent residents  within  the  area  eoninuuuled  by  the  water- 
apply. 

At  a  distance  of  nboLit  4r  miles  north  of  Sholapur  is  ^itmiteil 
the  '  Ekrnk*  tank,  one  of  the  largest  of  the  reservoirs  under* 
taken  by  the  Govern niejit  for  irrigation  purposes.  This  reser- 
voir— the  details  of  which  are  given  mider  head  Irrigation 
work*  in  the  Bombay  Presidency/  Wiis  connuenced  in  the  year 
186G,  and  in  the  year  1871  the  low-level  eanal — one  of  the 
principal  irrigation  canals  fed  by  it — was  brought  into  opera- 
tion. This  low-level  canal  passes  round  the  town  of  Sholapur 
lit  a  dist^uice  varjing  from  a  h  to  1  mile  from  the  outskirts^ 
or  from  li  to  2  mile«  from  its  centre,  liefore  the  date  of 
the  opening  of  tlie  Ekruk  low-level  canal,  the  town  population 
Hufl'ered  greatly  from  the  insufficiency  and  impurity  of  the 
water-supply,  then  derivtHl  solely  from  local  wells  and  surface 
tankftf  supplied  by  a  very  precarious  and  uncertain  rainfall; 
hut  the  opening  of  the  canal  greatlv  improved  this  state  of 
matters,  notwithstanding  its  inconvenient  distance  from  the 
larger  portion  of  the  town.  Tfie  beneftcial  cHecln  were  esjHHrialty 
markctl  in  the  ynvr  1876»  when  the  tot^d  rainfall  fell  asi  low 
lOJ  inches.  The  8juiitary  Commissioner  to  the  Government  of 
Bonduiy,  in  hh  report  for  that  year,  rcmnrkc*!  li*  follows: — -*I 
may  incidentally  mention  that  had  the  Kkrnk  tank  and  canal 
not  Int-n  in  exisitence,  the  town  of  Sholaptir  most  ihtring  this 
year  pcrforu'e  have  been  dcscrtetl,  lu*  idl  the  ordinary  sirpply  of 
water  hiul  driotl  up,  and  the  people  were  entirely  do[>endent  on 
tlir  ctuial/ 

From  M>  far  back  as  the  year  1H68,  «everal  projwsals  for  a 
permanent  water-supply  for  the  towji  luul  l>een  made;  the 
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water  to  be  taken  either  direct  from  the  Ekruk  reservoir,  or 
from  the  canals  derived  from  it,  but  beyond  studies  and 
estimates  nothing  was  practically  done  until  the  year  1878,  when 
the  municipality  decided  to  adopt  the  scheme  since  carried- out 
and  when  the  necessary  funds  were  easily  raised  in  the  open  ! 
market  by  a  loan  duly  authorised  by  Government. 

The  existing  water-supply  scheme  at  Sholapur  is  essentially 
as  follows: — The  water  is  drawn  from  tlie  Ekruk  low-levd 
canal,  at  a  site  situated  in  the  fifth  mile  of  its  course,  about  a 
mile  and  a  half  from  the  centre  of  the  town,  and  is  passed  at 
once  into  a  settling  tank,  from  which  it  is  pumped  direct 
through  a  rising  main  into  two  service  reservoirs  placed  at 
different  levels  within  the  town,  from  which,  under  a  constant 
service,  the  distribution  is  effected  by  gravitation.  The  popula- 
tion estimate,  according  to  a  return  corrected  up  to  l^S,  was 
taken  at  SOfiSB  persons,  and  a  daily  allowance  of  5  gallons  per 
head  was  assumed — or  a  minimum  daily  demand  of  ^3,330 
gallons.  This  low  rate  of  consumption  was  estimated  imder 
the  consideration  that  the  numerous  wells  and  small  tanks  in 
and  about  the  town  would  be  still  available  for  washing 
purposes.  In  the  year  1881  the  actual  quantity  of  water  con- 
sumed, which  admitted  of  simple  and  accurate  measurement, 
was  recorded,  and  it  was  found  that  the  actual  average  daily 
consumption  per  head,  for  the  eight  months  May  to  Deceinlier, 
was  4'5S  gallons  only,  and  the  average  daily  consumption  in 
each  month  was  257,005  gallons ;  the  largest  daily  consump- 
tion being  5*14  gallons  j>er  head  during  the  month  of  Mav. 

It  is  certain,  however,  that  during  the  first  year,  the  population 
would  draw  more  largely  from  tlie  older  sources  of  supply  than 
they  would  do  later,  when  the  convenience  and  greater  purity 
of  the  new  water  was  more  fully  appreciated,  and  it  would  not 
in  India,  in  ordinary  cases,  be  sufficient  to  estimate  the  average 
consumption,  even  of  a  small  uncommercial  town,  at  so  low  a 
rate,  without  special  provision  being  made  for  its  augmentation 
during  the  hot  months,  or  in  times  of  drought  and  emergency. 
This,  however,  was  done  in  the  case  of  Sholapur.  The  water 
is  taken  from  a  permanent  canal,  derived  from  a  large  reser- 
voir, in  which  the  supply — so  far  as  that  town  is  concerned 
— is  practically  unlimited,  and  the  pumping  power — to  provide 
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arily  agaiiist  breakdown — was  funiisheci  iu  tlu|jlicate,  so 
a  dt>ul>ly  increased  consumption  of  water  could  an  neces- 
Itv  be  j»rt>vided  for, 

lo&e  to  tlie  Ekruk  low-level  canal,  from  which  the  water  is 
n  througli  a  9-indi  pi|>e,  fitted  with  a  sUiicc-valve  for 
ulating  thL*  supply,  and  a  meter  for  niea-suring  the  flow — a 
ificttling  tank  i«  constructed,  'Vlns  Uuik  is  square  in  plan, 
jiiensuring  146  feet  on  eacli  side  at  the  bottom  level,  ami  148 
[fret  on  the  top.  The  available  depth  of  water,  after  allowing 
ja  space  of  S)J  inches  deep  for  deposit,  is  9'fiO  feet.  The  tank 
I  lioldit  1,29^,705  gallons,  or  rather  over  five  days'*  estimated 
!  conwuTn^tlion.  It  is  constriicted  entirely  in  excavation,  carried 
^tfough  gravela  and  soft  rock  ;  the  sides  of  the  cxcavatiou 
^^B^  ]>rotected  by  retaining-walls  of  rubble  niasonry^  carrying 
F^^rapet.  The  floor  is  formed  of  concrete^  guttered  to  facili- 
tlie  cleaning  and  hconnn^  out  of  the  deposit,  which  is 
^^kte<i  through  a  seouring-pipe  fitted  with  a  Hluice-valvc. 
fKom  this  settling  tank  the  wiiteris  pumped  by  two  dirLTt-ricHng 
'  * special*  steam  pumps,  ca|Md)le  of  being  worked  singly  or  in 
licombination.  Each  pump  is  cajmble  of  raising  ^00,000  gallons 
'  in  ten  hours,  and  delivering  the  same  tti  a  height  of  160  feet 
(including  head  due  to  friction  in  pipes),  through  a  rising 
*  main,  10  ineln*s  in  diameter,  and  8500  feet  long,  when  working 
j  at  tfiirty-tliree  strtikes  a  minute.  The  water  is  pmnped  into 
I  a  high  serviee-reservnir  situated  on  the  highest  gromul  in 
,  Sholapur,  distant  S125  feet  from  the  pumping  station* 
]  'ITii*  r^-servoir  is  cireidar,  luLviug  n  rt*H>r  diameter  of  [)5  f4"et, 
,  and  a  total  ca])acity  *>f  96,^39^*  cubic  feet  ;  the  available  capacity 
I  being  88,193  cubic  feetj  or  54f),44SJ  gallons,  which  equivalent 
■teather  over  two  days  of  the  (*?^tinmted  daily  demand, 
PPCIiKic  to  the  ltijapm%  or  uortiieni  gate  of  tlie  town,  a  branch 
from  the  10-inch  rining  main  is  taken  off  to  a  low-service  reser* 
voir,  whifh  is  situated  at  a  distant  of  SHOO  feet  from  the  engine 
pump-houhc.  This  reservoir,  which  supplies  the  town, 
the  excejition  of  the  higher  |H>rtion.H  and  siduirlia,  coni> 
ded  by  the  bigh  scrvicct  is  ^imilar  in  details  of  construe* 
to  the  high-ser\ice  reservoir.  It  is  circular  in  plan,  having 
ntral  pillar  10  feet  in  diameter  at  ba.se,  and  eight  arclied 
ial  walls,  w  hich  snp|H>rt  a  roof  of  T  irons  and  ccfrrugated 
"  Qti  shectt.    The  tbniHt  of  the  archer  in  the  nuliul  walb  are 
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taken  by  buttresses  projecting  from  the  external  wall,  which 
also  serve  to  strengthen  the  latter. 

The  diameter  of  the  low-service  reservoir  is  82  feet  on  the 
floor,  and  85J  feet  at  full  supply-level,  which  is  12  feet  above 
the  lowest  bottom.  The  external  wall  is  10  feet  high ;  is  con- 
structed of  uncoursed  rubble  masonry,  faced  with  coursed  work 
on  the  outside  face ;  it  is  6  feet  thick  at  the  bottom,  and  S  feet 
6  inclies  at  the  top,  the  interior  face  having  a  batter  or  slope 
of  1  in  12,  and  the  external  &ce  a  curve  of  17  feet  radius. 
The  floor  of  the  reservoir  is  situated  at  a  height  of  58}  feet 
above  the  floor  of  the  settling  tank,  and  its  total  capacity  is 
71,224  cubic  feet,  of  which  68,711  cubic  feet,  or  1*69  days  of 
the  estimated  daily  demand  is  available. 

The  supply  pipe,  10  inches  in  diameter,  discharges  over  the 
reservoir  wall  into  a  small  chamber,  from  which  the  water 
passes  over  a  ledge  or  weir  into  a  second  chamber,  and  thence 
escapes  through  an  opening  into  the  main  reservoir.   The  main 
10-inch  distribution  pipe,  and  a  cleaning  or  scouring  pipe — the 
latter  carrying  a  vertical  overflow — are  each  provided  witli 
sluice-valves  situated  inside  the  reservoir,  and  worked  from 
above.  They  are  boti)  carried  through  the  concrete  foundation 
below  the  main  enclosing  wall.    Sluice-valves  are  fixed  on  tlie 
main,  so  as  to  admit  of  a  supply  from  either  reservoir  being 
cut  off  when  water  is  being  pumped  into  tlie  other.  Frequent 
air-valves,  along  the  line  of  piping,  and  a  reflux-valve,  situated 
close  to  tlie  northern  gate  of  the  town  ;  about  3000  feet  from 
the  pumping  station,  are  also  provided.    Upwards  of  33,000 
lineal  feet,  or  about  6|  miles  of  sub-mains  and  service-pipes, 
carry  the  water  over  all  the  principal  parts  of  tlie  town  and 
suburbs,  and  are  furnished  with  the  necessary  sluice-valves,  so 
as  to  render  each  part  of  the  distribution  independent.  The 
water  is  delivered  to  the  inhabitants  by  means  of  numerous 
stand  and  pipe-posts,  fitted  with  convenient  push-cocks.  The 
pipe-posts  are  each  fitted  with  twelve  taps,  and  are  only  placed 
in  localities  where  the  popidation  is  most  dense,  in  order  that 
a  number  of  people  may  be  able  to  draw  water  at  the  same  time. 

The  Sholapur  AVaterworks  were  opened  with  some  ceremony 
by  the  Governor  of  Bombay  on  the  22nd  July  1881.  The  total 
initial  cost  of  the  project  as  completed  was  d£^l,718,  or  ^£^161 
short  of  the  original  estimate. 
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Madrai  Waterworkfr— The  Seven  Wells  supply— The  City  Waterworks— Oiii* 
line  of  projects — Thi:  Reil  llills  reservoir  imd  feeders— Details  of  Madras 
City  water-supply — rnjiirie&  from  floculs — Iiisutfidency  of  scheme— Ojictimt; 
of  works^  amd  improvement!)  suggested  —The  Nngpur  Waterworks — I'opula- 
lion  of  NogpUT — Old  soutccs  of  wsitcr  supply— Native  reservoir  ai  Awil»a' 
jhari — The  new  project— Details  of  i-veculidn — Puddle  Ireach  atiid  wall^ 
Karthwork*  of  new  embankment— Wasle  wcir— ^ArfiJigtmenls  for  with-* 
ilranSng  water — The  stra-ining  and  rcj;ulniin£  tower— The  syjfhoti  discharge 
pipe — Tlie  main  to  the  city— Complelioii  of  works— Uilcf  suppleuienlar^' 
Kupply  for  higher  pirti  of  the  towni  and  for  civil  itulion^Princtpal  details 
And  jiarlicutars  of  the  new  project. 

liv  the  census  of  t!ic  year  1891  the  city  of  Madraa  and  suburbi 
ront&iiis  n  pupiilntion  of  4.>i2,5l8  ])tTsuiis,  It  tli'jH'tuls  fur  itn 
water  supply  on  two  st-paratf  nnd  distiiK't  scuim's^ — our  l»eing 
Uie  *Scvfii  Wt'llN*"  Grtvvrnuirnt  WHttTworkit,  stiipplying  Fort 
St.  George,  tlir  slup(iin^»  utul  varititis  iiownuiHut  iiifititutioiis 
Aiid  ofKcfs, — till-  olInT  Iwiiig  tUe  'Madra>t  \Vjitcr*works/  which 
\%  the  ttiriiri  supply  of  Ihe  city*  antl  is  iindtT  Huiiitci|HLl  control. 

The  Seven  WVlls*  WHttrworks  ih  a  vt-ry  curly  project^  halving 
iwvii  iuitiatcd  ycnrs  iijfo^  or  in  tht-'  year  ITT!^,  I>v  n  Ciiptaiti 
llftkcr,  wlio  con»tnictwI  it  under  n  contract  with  Government* 
Iiy  which  hr  untlcrlook  ffjr  a.  fU'Wod  of  .sovuii  years  to  supply, 
iind  keep  always  full,  ccrtjiiti  reservoirs  iti  the  fort»  ctuvtniTjing 
Kuificicnt  water  fi>r  tiOOO  men  for  fi>ur  months,  at  llie  rate  of 
three  <piarts  per  inaii  |mt  <!av.  Iti  the  year  17H!?,  the  workn 
wcro  purcliAMxl  by  Govcriuat*ut  for  tlie  sum  of  J.'10,500.  In- 
cluding tlUA  turn  the  total  cnnt  of  the  Seven  WolU  water- 
fiuppiy  ninoiiiitcit  to  X*^t;.49^^.  Ah  orii^inally  coivslructed  the 
flrupplf  wasi  ronfincd  t*>  thr  pirriHon  of  Vori  St.  (icorge,  hut  it 
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Iiu.^  siiKv  been  iL'Xtendc'd  lii  lu'arh  all  IIk*  inilitar)  iii&litutiuu.'* 
nnd  huiUlings  in  ttic  Pit'jiuleiioy  town. 

Tlie  Seven  Wl*1Ls  pmiiises  or  *  cotnpoimtP  is  situatt?d  a1>out 
n  mile  from  tlu'  sea,  and  iieurlv  two  miles  fr<nii  the  Fort  oiul 
Penitentiarv,  whidi  are  tlio  farthest  poiiit-s  to  whicU  tlic  supply 
extends.  On  these  preniisoK  there  me  now  10  wi^Hs,  tvich 
16  feet  in  tlianieter,  varyiog  from  to  29  feet  deep,  from 
whidi  the  water  is  raised  hy  means  of  Picottah  ^  levers  into 
cisterns,  and  jjjissed  tlirou^h  a  filter,  ineiwuriug  48  feet  hy 
30  feet  hy  6  feet.  From  the  iilter  the  water  is  again  nii^ 
into  two  mailt  cisterns,  each  holding  about  J^OOO  cubic  feet,  nnA 
thence  is  conveyed  hy  ^ravitjition  throii|;li  lines  of  cast-irou 
pipes,  varying  from  5  to  t$i  iuelies  in  diameter,  to  the  variou* 
points  of  di^tt-ibutiotifthe  principal  uf  which  are  the  gun{K>wdci 
factory,  clothing  and  medical  store,  arrack  distillery,  bullet 
factory,  Coimnissary-Geiierari  office,  I'ort  ^t.  George,  the 
OnJnaiice  Lines,  and  Penitentiary*  The  Seven  Welts  «-ater 
works  discharges  over  140,000  gallons  a  day,  or  51]  million 
gallons  a  yciir,  at  an  annual  cost  of  about  ^^200.  During  tlie 
long  period  tliat  the  Wells  have  l)ecn  in  operation  they  have 
lihown  no  signs  of  failure,  and  it  is  estimated  that  should  ai 
further  supply  of  water  he  necessary  it  could  cfisily  be 
angmenttMl  to  three  times  its  present  amount. 

The  inception  of  the  Madras  (.'ity  Waterworks,  under  llii 
control  of  the  AItinict|]ality,  dates  as  far  back  as  the  year  1866t 
Long  before  that  yetu*,  however,  the  great  impurity  of  tht) 
drinking  water  obtained  from  the  nunieroua  well»  scattered  all 
over  the  tow^n,  wliicli  formed  tlie  only  source  of  suj>ply,  was  fullv 
recognised.  In  the  year  1855  an  extensive  irrigation  improu' 
meut  scheme,  estimated  to  cost  nearly  ^434,000,  was  prtip<?sed, 
and  in  combination  therewith  tlie  suq>lus  water  from  a  numbe 
of  large  irrigation  tankh  or  reservoirs  was  to  have  been  stored  " 
a  reservoir  situated  about  8  miles  from  tlie  town,  and  convtye 
liy  an  open  channel  or  canal  into  two  hasiiifi  in  Madras,  fro 
whence  it  could  be  pumjjed  into  jsettling  ivservoirs  and  then 
ptissed  into  the  mains  for  distribulion.  No  action  was  taken  o 
this  proposal, but  in  the  year  18()1  a  somewhat  sinnlar  project"" 
brought  forward,  and  an  engineer  officer  wtis  appointed  tort 
on  it.  without,  however,  leading  to  any  practical  ^e^ults. 
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Hy  the  year  18(>Ji»  in  acrorJunct^  with  ortlers  from  the 
MailraA  Government,  plans  and  i^tiniutcH  wvre  ^lalxtralt'd  for 
nn  inipjrovetl  st-lieine  wliit'h  hm\  for  its  tibject  the  enlnrgemcnt 
of  two  fthvmly  Inr^e  inigatimi  iwnoiiv,  with  ii  vk'w  to  in- 
crcasii»g  their  storage  t'ajmcitv  for  irrigation  purposes^  as  well 
as  to  provide  the  city  of  Madras.  it>  garrisiin  and  ])nhlic 
ettAltliNhnients,  with  an  ahurultmt  aiul  wtioli'Miiine  stipply  of 
water.  The  Govuninicnt  |mrtion  nf  i\m  scheme  was  originally 
estiniatcil  to  coht  XfilJTG,  anti  pnividt'd  fi^r  the  coiHtrtiction 
of  an  open  clianncl  ahotit  TJ  nnUs  lon^  tn  <k-livi,*r  tho  water 
from  the  nearest  of  tlw  two  rostTvotrs  to  a  |>oTiit  near  Matlnis^ 
the  Muiiit.*i|>ulttv  ht'ing  k*ft  to  provide  for  and  construct  the 
nccessarv  distribution  works,  cstiniatwl  to  cost  i.l28,0(K).  Tht* 
general  scheme  was  a]»pnjved  by  tlie  Government  of  India  in 
18(>(3»  and  snbseqnently  wmetion  to  a  nnmicipal  loan  for  the 
construction  t»f  the  dintrihiition  workn  wa.H  acconled  ;  tlie  muni- 
cipality being  required  to  pay  for  the  >iiipply  of  water  delivered 
fmin  the  rej*ervoirs  at  a  fixetl  rate. 

The  City  Waterworks,  as  carried  out,  has  for  its  innnediate 
source  a  large  irri|;ation  riscrvoir  known  as  tlie^Hcd  HilU 
Tank,"  ftituate<I  about  8  miles  noiib-west  of  Madra*;.  This 
reservoir  is  fiMl  by  a  channel  frtnn  tlu-  civi-r  Kortalavur,  vvldch 
pAMCfl  thn>iigh  a  reserve  reservoir  caUed  the  H'holavorani 
Timk/  before  reaching  Red  Hills  *rhi*  Koi-tnlayar  river  itself 
has  iti*  t>ri^in  in  the  surphis  efiea|)c-  of  the  htige  '  Kuveri  Tank 
Tank/  whicii  is  M  from  the  rivt-r  Pahir. 

At  a  point  on  the  Kortalayar  river,  alwnit  twenty-two  inilen 
from  the  sm,  an  (tuicut  or  weir  in  conistrueteil,  divertiti^  the 
water  into  a  channel  whieh^  after  a  ci>urse  nf  alM>ut  eight  niiK'% 
etjlefH  tlie  CJmlaveram  reservoir,  and  issuer  at  a  piont  iwn 
milcfl  dt!4t<uit  from  its  entry  by  another  elminiel  over  two  and 
a  half  milen  long,  wliieh  eonvcys  the  water  into  the  Mwl  llilln 
re»H.'rvoir.  The  water  fi>r  the  eily  supply  h  dmwn  fnnu  I  hi?* 
reservoir  tlirough  six  sluices,  three  of  which  are  at  the  lowest 
level,  the  ivntaining  three  being  placed  aluive  at  4  ffvt  iritervals, 
Ttie  discharge  is  received  int**  a  circular  Inlsio  80  ftet  in 
diaineler,  and,  falling  over  a  sh»tter*weir,  ^jjihsch  into  an  open 
canal  it  fet»t  6  inches  deep,  originally  ealculaNnl  in  *ieliver 
about  24  gallons  per  head  per  day  for  a  popalatitni  of  o43,t)00 
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penions.  This  channel  passes  in  a  south-easterly  direction 
through  cuttings,  and  on  embankments,  for  a  distance  of  neaily 
seven  miles,  with  a  fall  of  only  3  inches  per  mile,  and  deliven 
the  water  into  a  circular  well,  SS  feet  in  diameter,  situated  near 
Madras.  From  this  well,  or  *  masonry  shaft,^  a  4S-inch  main- 
pipe  extends  towards  the  city  for  4455  feet,  and  then  divides 
into  two  mains  of  36  and  30  inches  respectively.  The  water  is 
distributed  to  the  population  by  means  of  numerous  cistem 
fountains,  public  standards,  and  wall  taps,  as  well  as  into  the 
houses  when  demanded. 

In  preparing  its  distribution  scheme,  the  Municipality  decided 
to  adopt  the  principle  of  distribution  by  natural  gravitation 
in  order  to  avoid  the  permanent  expense  entailed  by  the  use  of 
steam-power  for  raising  the  water,  and  delivering  it  under 
artificial  pressure.  This  economy,  however,  was  only  gained  by 
a  considerable  sacrifice  in  the  quantity  of  water,  the  latter 
having  to  be  drawn  off  from  the  Red  Hills  reservoir  at  a  much 
higher  level  than  that  originally  contemplated.  The  settling 
tanks  originaUy  proposed  were  also  discarded.  It  had  be^ 
intended  that  the  open  channel  should  have  a  permanent 
current ;  but  owing  to  the  intermittent  system  of  supply  which 
the  altered  circumstances  im])osed,  the  water  in  the  channel  was 
frequently  dammed  up  for  long  periods  of  twelve  hours  at  a 
time,  the  bed  of  the  channel  being  thus  virtually  converted 
into  a  settling  tank,  with  a  consequent  rapid  silting  up,  and 
noxious  growth  of  vegetation,  together  with  numerous  other 
attendant  evils. 

Tlie  supply  jjortion  of  the  project  appears  from  the  com- 
mencement to  have  suffered  severely  from  tlie  effects  of  floods 
of  unexpected  severity,  and  from  original  errors  in  the  methods 
of  construction  employed  in  mising  the  older  embankments  of 
the  Red  Hills  and  Cholevaram  reservoirs,  which  entailed  very 
heavy  outlay  to  render  tlie  new  work  secure. 

Water  was  first  supplied  to  the  city  from  the  Red  Hills 
resen'oir  in  May  1872,  but  it  was  soon  universally  admitted 
that  the  supply  system  was  far  from  satisfactory,  and  that  the 
works  needed  considerable  remodelling.  The  principal  im- 
provements suggested  appear  to  be,  an  off-take  from  the  Red 
Hills  reservoir  at  a  lower  level ;  a  closed  pipe  line  to  Madras 
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in  pkce  (if  the  open  dmund,  togetlior  w  ith  the  niucli  iR'ede<l 
puntpiiig  iiiul  nitt'riiip;  works,  A  project  for  placing  the  water- 
supply  works  iif  Mnilnis  ou  a  more  sntisfnt-tory  footing  was 
prepared  in  the  year  1877,  but  the  IMiiiiii.-ip;dity  whs  nut  in  a 
position  to  vote  the  necessary  funds  for  the  purjwsc.  Up  to 
the  year  1881  the  cusi  uf  the  ori^itial  water-j^upply  schenjc,  for 
a  (■4>n.snniptiuii  (if  ahoiit  iil3.>  million  euhic  feet  antuially,  Iwul 
ftmounted  to  i'U3,000. 

Nii^pnr  Watencorhs,  18(59  to  1873. 

A  water-Hn|)plv  selu'nie  pi»sscs,siii;i;  many  interesting  feature** 
i?*  iJiat  projtvted  jiikI  uirried  out  iK'tween  tliL?  yeflrs  1869  ami 
1873  at  Naf^pur,  the  aipitul  city  of  the  Central  Provinces, 
Previous  to  the  coniplelioji  t*f  tliese  waterworks  tlje  fiopulation 
of  the  native  city,  which  tlien  nuinheretl  over  8(>,0lH)  pei-sons, 
derived  their  sup]>ly  of  water  from  a  large  uundxT  of  welU  sunk 
in  the  havdtic  and  nietaniorphie  rocks  on  w  Jneh  tlie  town  is  huilt 
The  greatur  iiuml>cr  of  thewj  nelU  yit^'hled  a  braekish  water, 
fto  imprecated  with  salt  as  to  Ik*  ahsolutely  unputable^  A 
WHtsirlfrahle  adiUtioual  >*upply  vvas  ohtaincJ,  (irst  from  the 
* rfama  Tfihu^'  an  old  native  artificial  lank  »uljoitiinf<^  the  city^ 
Uie  water  from  wliieh  was  p^reatly  polluted  by  the  fturface 
drainage  of  a  thickly  inhabited  ^athering-groimd  ;  and  second, 
from  an  old  lei^ervoir  >itnatcd  at  Anilmjlmri,  four  miles  from 
the  city*  from  which  water  was  c^mtlueletl  by  a  line  of  stone 
piping;  hut  the  works  in  connection  with  whieli  had  in  course 
of  time  l)ecomc  greiilly  <leeayed,  and  almost  u^elejis. 

In  18C9t  after  the  nearly  total  failure  of  the  rains  of  the 
prev  ious  year^  tlie  sulfering*  of  the  native  |jo]»ulation  of  Nagptrr, 
from  the  .senntv  and  impure  nature  of  the  water^up])h\  had 
become  great,  that  energetic  niefvsures  wer**  taken  to  avecrtain 
the  Im^I  nieiui!i  of  furnihhiug  the  city  with  an  abundant  and 
wholes<m»e  bup]ily  of  wjiter,  aiich  after  earcfid  stu<ly  and 
examination  of  the  avaihible  sources  of  the  neighbourhood,  it 
u'ji«  evc-ntuallv  decided  to  remodel  and  greatly  enlarge  the  oUI 
and  decayetl  native  reservoir  ut  Ambajhari,  and  render  it 
CttfUihle  of  )<tu})|tlv)ng  a  permanent  and  sufficient  tptantity  of 
WMter  for  the  wants  of  iit  least  the  largest  jnirlion  of  the 
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native  city.  As  this  old  work  is  a  characteristic  example  of 
native  water-supply  engineering,  and  is,  moreover,  one  which 
has  been  entirely  obliterated  and  lost  in  the  modem  scheme 
which  has  superseded  it,  a  brief  description  of  its  original 
essential  features  niay  be  of  interest. 

The  native  reservoir  at  Ambajhari  was  constructed  upwards 
of  a  hundred  years  ago,  under  the  Bhonsla  Rajahs  of  Nagpur. 
An  earthen  embankment,  faced  with  a  vertical  wall  of  rubble 
masonry,  was  reared  across  the  valley  of  the  Nag  river  (from 
which  the  city  of  Nagpur  derives  its  name),  about  4  miles 
south-west  of  Ihe  city,  and  near  the  small  village  of  Ambajhari. 
This  name,  meaning  the  *  spring  of  the  mango  grove,^  points  to 
the  probable  existence  of  a  considerable  natural  spring  or 
springs  at  this  place,  which  may  have  led  to  the  choice  of  the 
site  for  the  reservoir.  Tlie  embankment  across  the  Nag  valley 
was  2568  feet  long,  20  feet  in  extreme  height,  and  of  an 
average  height  of  12  feet.  It  was  40  to  60  feet  wide  on  the 
top,  with  a  back  slope  of  11  or  2  to  1.  The  vertical  masonry 
wall  on  the  water-face  was  built  of  basalt-stone,  with  numerous 
semicircular  or  octagonal  projections,  or  bastions,  of  similar 
character. 

Near  the  deepest  portion  of  the  reservoir,  situated  somewliat 
towards  the  northern  end  of  the  work,  tiie  water  was  withdrawn 
through  a  masonry  passage,  carried  at  a  low  level  througli  the 
eml)anknient.  This  masonry  passage  projected  into  the  re- 
servoir for  some  distance  beyond  the  line  of  the  face-wall,  ter- 
minating in  a  series  of  steps.  On  either  side  of  the  projection 
a  broad  flight  of  stone  steps  led  down  to  the  water  from  the 
summit  of  the  embankment.  The  discharge  of  flood-water  was 
provided  for  by  two  escape  or  waste  weirs,  one  100  feet  long, 
situated  at  the  south  end  of  the  embankment,  and  a  smaller 
one,  28  feet  long,  at  the  extreme  north  end.  The  reservoir, 
when  filled  to  the  escapes,  had  a  water  area  of  237  acres,  and 
contained  about  80  millions  of  cubic  feet. 

The  arrangements  for  regulating  the  discharge  of  water  were 
as  follows : — On  the  outer  steps  terminating  the  projection  into 
the  reservoir  of  the  mivsonry  discharge  passage  was  a  series 
of  five  holes  at  different  levels,  closed  by  wooden  plugs. 
The  highest  submerged  plug  being  withdrawn,  the  water 
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iwol  \uUi  li  lU'tl  or  t-'lmiuber  (situatfiJ  in  the  boily  of  Iho 
tnihank incut),  the  water  in  wliicli  wiis  iTiaintatned  t\i  a  few  feet 
lower  tJimi  tliat  in  the  reservoir  l>y  i>]>euiiig  out'  or  niorr  of  a 
H'riwi  iif  i*cvt;*n  issue  holes;  also  plaivd  at  different  levels  in  tins 
cbanilKT.  Tht*se  holes  coiiiniuiiicateil  throu^li  $,  vertical 
paiMiaf^o  with  tht'  lower  part  of  a  st^oiid  sinall  wclK  |>latvJ 
iiiinic<li»teiy  lu'liitul  the  JirBt,  From  near  the  bottom  <t(  the 
Becoiul  wtll  the  mitsonry  passa^i^e  through  the  main  portion  of 
the  emlMinkiiK'nt  isstitd,  autJ  hv  eloning  lliis  single  outlet,  water 
coukl  at  any  time  l>c  out  off  from  the  main  passage.  The  flow 
v(  water  was  further  ngulatetl  hy  a  thiril  well  or  ehauiber,  pro- 
vided with  another  series  of  holes  and  wooden  phii;s,  and  an 
fscaiK',  situated  on  the  iliaeharge  line,  a  tihort  distaiit'e  beyond 
the  f(Mit  of  the  enihaiiknieut  i^lope,  Provi-sioii  also  seems  to 
have  l>een  onpnally  made  fi>r  eollectiug  the  water  frtim  the 

Ei^s  Iwhiw  tfie  reservoir  into  this  latter  welL 
e  water,  when  clear  of  the  eml>aiikment  and  regulating 
bet's,  was  conveyed  to  tlie  eitv  thrnngh  a  out  stone  pij>e, 
4  miles  in  length,  funned  of  a  serieji  nf  sandstone  blocks,  eaeh  S 
or  3  feet  long,  and  18  inehes  or  more,  square,  with  a  hole,  9 
inches  in  diameter,  Ijored  througli  it.  The  stone  bU»ckfi  were 
•oeketed  together,  the  joints  being  hud  with  specially  prepare<l 
mortar,  mid  the  wliole  was  enclosed  in  liasalt  rubble  masonry. 
Along  the  course  of  this  pipe^line — whitli  tvits  somewhat 
im-gular — fretpient  water-towere  or  eisterns  acted  as  air-vidvea, 
and  at  the  same  time  reduced  the  head  of  water,  which  was 
allowed  to  encMpe  through  openings,  provided  with  plugs,  in 
the  fiid*.*  of  the  tower.  The  water  wjia  delivered  to  the  eity  on 
Ihv  intermittent  system— into  small  cisterns,  each  provided 
with  bolvji  in  tl^e  bottom  (elo^ied  by  the  usual  Wi>oden  plug»), 
which  eonunuuieatcd  witli  service-pipes  of  unglaA\l  earthen- 

The  design  aiul  construction  of  this  old  work  exhibited  ciai- 
ble  skill  in  many  partieidars — es|H.*ei»dly  in  tlie  luluptation 
e  pressure  of  the  water  to  the  strength  of  the  masonry 
other  piping  eniph>ycd.  In  THfiJ)  these  old  eoustructionh 
ill  a  very  ruinoun  condition,  and  owing  to  heavy  leakage 
ic  pipe-line,  together  with  cvAj>oriition  frtnn  the  hinall 
b  of  water  retained  in  the  reservoir,  the  latter  o<vusionally 
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ran  dry  during  the  hot  months,  so  that  as  a  source  of  supply 
for  tlie  city  of  Nagpur  the  works  had  become  practically 

useless. 

Among  the  reasons  which  influenced  the  selection  of  the  old 
Ambajhari  reservoir  site  as  a  suitable  position  for  the  contem- 
plated new  works,  were  the  following:  It  was  found  that 
above  the  reservoir  there  was  an  uncultivated  gathering-ground 
of  over  6i  square  miles,  consisting,  for  the  most  part,  of  only 
lightly  covered  trap  and  other  basaltic  rocks,  thus  furnishing  a 
very  clean  and  favourable  surface  from  which  to  collect  the 
rainfall.  The  elevation  of  the  site  of  the  old  reservoir  wa« 
moreover  sufficient  to  command  all  but  a  comparatively  small 
portion  of  the  native  city  by  means  of  gravitation  works,  and 
admitted  in  other  respects  of  the  construction  of  a  veiy  exten- 
sive supply  scheme  at  a  moderate  outlay. 

The  new  project,  elaborated  in  1869-70,  and  subsequently 
brought  to  completion  in  the  year  1873,  contemplated  the 
following  main  works,  viz. :  A  puddle-trench  excavated  through 
the  heart  of  the  old  embankment,  and  cut  for  several  feet  into 
the  solid  rock  beneath,  filled  in  with  good  retentive  puddle  to 
prevent  all  leakage.  An  embankment  raised  about  17  feet 
higher  than  the  old  one,  completely  burying  in  its  centre  the 
whole  of  the  old  work,  including  the  masonry  face-wall.  A 
new  waste-weir,  having  an  elevation  and  discharge  section, 
adapted  to  the  altered  conditions.  Suitable  arrangements  for 
withdrawing  and  controlling  the  exit  of  water  from  tlu' 
reservoir — now  greatly  enlarged  by  the  raising  of  the  embank- 
ment and  escape-weir — and  in  due  connection  therewith,  a  main 
of  cast-iron  pipes,  alK)ut  4  miles  long,  from  the  reservoir  to  the 
city,  together  with  a  certain  initial  provision  of  distribution- 
pipes  and  self-closing  standards,  the  whole  being  estimated  to 
cost 

The  execution  of  these  works  wa.s  commenced  in  the  early 
part  of  the  cold  season  of  1870.  The  centre  of  the  puddle- 
trench  through  the  old  embankment  was  placed  at  a  distance 
of  feet  from,  and  approximately  parallel  with,  the  old 
masonry  face-wall.  This  trench  was  3099  feet  long,  with  an 
average  depth  of  25  feet,  and  an  extreme  depth  of  36  feet 
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OH  excavjiti.ll  witl)  sidt'  slopes  m\  oidi  inU*  which  >itrj)s 
were  cut,  tiji  whicli  tlie  nuint-Tous  body  of  Inliourers  omplnveil 
carried  their  l^skel-Uwids  of  earth.  A  portiim  of  the  eartli 
rxeaviiU'd  was  deposited  to  form  a  lilope  of  2  to  1  in  front  <if 
tlie  old  face-wall  iimde  the  reservoir,  and  the  remainih'r  wai* 
])hu'ed  so  as  [o  form  the  liase  c»f  the  new  outer  slope.  The 
solid  rock  bottom  was  met  witli  at  depthB  varying  frt>ni  ii  Ut 
1^  feet  beldw  the  natural  ground-level^  and  into  tins  rock  the 
puddle-treiieh,  5  feet  wicle^  wjts  eiit  until  everywhere  a  Bimnd 
find  hn|)e'rnieah]e  strata  was  reached*  During  tlie  execution  <if 
the  work  the  water  ii3  the  old  resei*voir  stood  fnjm  15  to  SO 
feet  al>nvi.'  tfie  lowt-st  part  of  the  exeavations^  and  the  leakiiffe 
from  the  resv-rvoir*  or  from  undcrfrround  springs*  was  kept 
down  by  steam-pumping.  The  puddle-wall  was  laiilt  up  witli 
■kf  broujjht  from  a  distance  of  ahont  miles;  the  total 
PPKntity  trans[)orted  and  utilised  being  0(>0h,O(K)  euliie  feet,  or 
86,300  cnbic  yards.  The  clay  wfts  deposite<l  in  tlie  trench  in 
thin  laytTs  4>f  il  lo  8  inches  thick,  and  was  wt-H  kneadt-d  and 
worketl  up  witfi  water,  to  ensure  a  pcrftvt  confiistency  through- 
out the  nux&a.  The  width  of  the  clay-wall — which  was  broii*;ht 
Up  thrungfi  the  entire  height  of  the  embankment — -vfti^y  5  feet 
both  at  top  and  l>*ittom,  widening  out  gradually  to  a  maximum 
width  of  at>oi]t  10  ft^t  on  the  line  of  natural  grouud-leveL 
HKIh*  (*arthwiu'k  of  the  new  portion  of  the  endmnknteiit  was 
Hv^'wfiere  joined  into  the  old  work,  by  means  i>f  stepfK*d 
Irrnche*  deeply  cut  into  the  latter,  and  alwive  the  line  of  the 
iild  maMMiry  face-wall  a  ffrrfft,  or  horizontal  bench  of  earth- 
work, i)  feet  G  inches  wide»  wjis  eonslruetetl,  in  order  to  relieve 
llic  wall  from  tiMj  aevere  a  pressure.  The  finished  enilmnkment 
i*  7  feet  (S  inches  witle  at  the  to\\  finished  oft'  with  tnlge  curhii 
of  rough  wtone.  The  inner  or  water  face — every  wlu-re  protected 
with  a  layer  of  hard  stone  pitching  1  fiaif  thick — is  fftnncil  of 
two  3tIo|H*!t,  of  i5{,and  'ii  to  1  res]>ectivt'ly,  separati*d  by  the 
horizontal  Acrr/i,  or  Hat,  alwive  alhtdtd  to;  haxingits  surface 
only  a  fool  abtne  the  summit  of  the  old  mastairv  wall.  The 
outer  (ilopt*  w/Ls  made  with  an  inclination  of  ^  to  l«  and  waa 
vih  The  total  height  of  the  new  cmlMuikment  was  5?J  fret 
e  the  luwt^t  bottom  of  the  puddle-trench,  and  17  firt  4 
above  the  top  of  the  old  work.     The  new  pirtron 
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contains  nearly  *3  million  cubic  feet,  or  107, 'tOO  cubic  vHriU  i  f 

At  the  soLithmi  end  <^f  the  work  a  new  wuste-wcir,  l-i  ii^'. 
4  inches  bigfitr  in  level  than  that  nf  tlie  uld  lestTvoii',  won  cim- 
structed,  consisting  of  ii  curved  wall  of  ina^wjiirv  2(>0  feet  long, 
protL-cted  by  sidv  walls  ISJO  feet  in  kni^tlu  I'lie  cn^t  i>f  tbf 
wuir  was  placeil  G  feet  i>elow  tlie  tt»p  of  the  emlKtiiknieiit,  flnil 
the  lliK>d-WBter  flowing  over  it  discharges  itself  through  u  ruci- 
cutting,  and  h  led  for  some  distAnce  into  tlu-  vtillev  below. 

The  arrangement  tinally  atloptcd  iot  withdrawing  wrttert'n)iD 
the  enlarged  reservoir  was  a  syphon  diMchnrge-pipc,  laid  ovit 
tlie  top  of  the  old  embankment  tuid  face-walK  but  below  tin* 
level  of  the  new^  portion  of  the  work.  The  syphon  starb*  froto 
the  bottom  of  a  straining  and  regnlating  tower  built  insidu  the 
reservoir,  30  feet  distant  from  tlie  frtnit  of  the  old  masonry 
sluice,  and  terminates  in  a  valve-house  sitMate<l  at  the  foot  "f 
the  outer  slope  of  the  cnd)anknicnt.  This  expedient  was  em* 
ployeti  as  the  expense  nf  constructing  a  tunnel  outlet  in  thi' 
natural  ground  round  the  end  of  tlic  end»ankraent,  owing  U 
the  conformation  oi'  the  valley*  would  have  heen  great,  and  it 
was  not  coiihitiered  advisable  to  interfere  with  or  break  througl» 
the  continuity  of  the  old  face-\*'ork  by  currying  a  di-Hcliurgi' 
])ipo  through  or  below  it* 

Tfie  regulating  tower,  situated  at  the  toe  nf  the  new  hl()|H' 
inside  the  a^servoir,  was  founded  on  the  solid  rock  1^  fee* 
Ix'ltjw  the  old  bedi  and  iU  internal  dimensiotn  are  15  t>y  G  foot 
The  outer  wall  of  the  tower  has  three  openings  at  diffen'ul 
levels,  each  S  feet  square,  covered  by  iron  sluices  or  vt*rtically 
sliding  doors,  each  protected  by  wii-e-netling  and  worktxl  hvA 
screw-gearing  placed  on  the  upper  Hour  of  the  tower.  Hy 
o|Hniing  the  sluice-door  neai^st  the  surface  of  the  water,  the 
latter  is  admitted  into  a  straining  chamber  and  passes  throuj^h 
a  iset  <»f  copper  wire-gjiuze  strainers,  having  !J0  meshcb  to  tl» 
inch,  before  reaching  the  mouth  of  the  ayplion  discliarge-]»i| 
A  valve  commanding  the  entrance  to  the  sy|ihon  pipe  is  al 
worked  from  the  upper  platform  of  the  tower;  wltich  latter' 
covered  in  overhead,  and  h  connected  with  the  top  of  111 
embankment  by  a  light  wrought-iron  footbridge.    Thv  nvnr 
foundation  of  the  water-towcr  is  connectetl  with  the  mason 
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e  olil  iifttivt*  diftchfirpfo  sluiw  by  n  half-aix-Ii,  so  constnictt?d 
lis  ti>  ciinv  UiL*  iiscciuiiuf^  [iortioii  of  the  syphon  pipe.  The 
tatter  is  S  feet  in  tlininetcr  and  184'  feel  long.  It  is  sup- 
[Kirtitl  tliroii^liout  ibs  k'ligtti  iin  ma^soTiry  blocks  and  concrete^ 
evtTvwheiv  foniulod  m  fis  to  be  secure  against  any  possihlo 
AulMidcHictr,  especially  where  the  sypli*>»  pipe  is  carried  through 
the  pnddU»-trench.  The  stinnnrt  or  crest  of  the  sv]ihnn  pasjios 
thimigh  a  tharghij^  well,  inside  whiel^,  and  connceted  ivlth  tho 
nvjihon,  i«  a  vertien!  ehjirgin^  pipe  4  inches  in  diameter,  having 
n  runnel  month pit'ee,  thnutf^h  whicli  the  RVphon  is  Hlled  with 
water,  after  elusiiitr  tlie  terniiiial  valves  at  each  extreniitv  of  tlie 
main  pijH'.  At  it.s  miter  and  lower  etui  the  dl^^charge  syphon 
terminates  in  a  valve-house  ni  the  foot  of  the  (*iid>ankinent.  It 
i*  hen*  tiirneil  upwards  anil  earrie?<  ah  H-incli  air-vulve,  by 
means  of  which  air  fnnn  the  inniii  is  prevente^l  from  entering 
the  syphcnj.  A  hnimlt  pipe  at  ri^rht  «np;le^  to  the  iiptunuKl 
en(J  tif  the  syphon  ih  fiiniishetl  with  t\vt>  15-inch  valves— one  nf 
which  eontmln  tlie  entrance  into  the  main  su])ply-pijK'  leading 
to  the  eitv  :  the  otliiT  (i]>cns  or  ehises  a  shtirt  scouring  outlet, 
liy  means  ctf  which  tfie  «yphari  and  the  hottom  of  the  straining 
tower  can  he  elearixl  out»  or  thrmigh  whieli  any  availahle 
KurpluH  stonige  water  can  he  givt-ii  out  for  irrigjition  hchiw  the 
reservoi  r. 

The  lift,  ttr  height  of  the  sypljon,  from  the  hottom  of  the 
lowest  nltiice-door  in  tlie  tower  to  its  crest  in  the  ehargiiig-well 
i*  14*55  fei-t,  hut  it  is  not  conton»plated  to  withctraw  the  water 
in  the  reservoir  lower  than  5  fivt  alHive  that  level,  ^o  that  the 
working  liO.  is  i»ot  more  than  9%'>5  ftvt»  at  which  level  the 
valves  at  the  outer  end  of  the  syplion  would  Ix*  5*2  feet  hcloiv 
tile  water  surface.  The  main  pipe  to  the  city  is  IS  inches  in 
titameter,  and  f*nir  iuih'.s  h>ng.  In  luhlition,  10»500  ynrd.n  or 
nix  mih'S  of  (Hstrihution  }U|ks  of  variolic  si»*8  were  pnivitled. 
Tlu'»<'  pi|ii-\  work  at  an  average  head  at  lowest  water  uf  fnmi 
30  to  (JO  feet.  The  city  nerviee  is  for  tlie  miwt  part  a  pidilic  one 
tm  the  gn>iind  level,  as  eonimtin  in  India ;  the  water  IxungMip- 
plied  from  self-closing  .standards  placed  at  freipti-nt  intervals 
nJong  the  public  thonnigh fares.  Firc-ox'k  air-valvi-s  arc  aUo 
|»rovtdi*d  at  every  10(>  yanls. 

Hie  new  and  enlargetl  Amkajhari  re^ttTvoir,  a*  i*omplet«l  in 
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1873,  contained  257J  millions  of  cubic  feet  of  water,  with  an 
available  storage  of  millions,  calculated  to  supply  the 
greater  portion  of  the  native  city  of  Nagpur  with  15  galloos 
per  head  per  day  of  24  hours,  during  years  of  minimum  rainfall 
The  completed  cost  of  the  project,  including  all  incidental 
charges  and  the  distribution  service  as  initially  contemplated, 
was  approximately  d£*40,000,  or  at  the  rate  of  Qs.  5d.  per  head 
of  population  supplied. 

The  water-supply  scheme  as  above  outlined  provided  for  the 
wants  of  the  larger  portion  of  the  native  city  of  Nagpur ;  but 
some  of  the  higher  parts  of  the  town,  together  with  the  whole 
of  the  adjoining  civil  station,  containing  a  numerous  and 
increasing  population,  was  not  commanded  by  it ;  still  remain- 
ing entirely  dependent  upon  subsoil  wells.  After  a  severe  out- 
break of  cholera  in  the  year  1887,  largely  due  to  the  scarcity 
of  water  attending  the  failure  of  these  wells,  an  extension  of 
the  water-supply  to  those  areas  situated  at  too  high  a  level  to 
be  supplied  by  gravitation  from  the  reservoir  was  determined 
upon,  and  a  project  was  drawn  up  for  raising  the  additional 
water  required  for  the  higher  levels  by  means  of  pumping. 

Tlie  calculations  undertaken  showed  that,  including  a  liberal 
supply  for  tlie  service  of  the  Bcngal-Nagpur  Railway  Companv, 
the  total  daily  requirements  for  the  proposed  high-level  exten- 
sion was  438,400  gallons,  or  70,144  cubic  feet,  equivalent  to  a 
supply  of  ^\  millions  of  cubic  feet  in  300  days,  which  was  taken 
as  tlie  largest  interval  of  continuous  drought.    This  require- 
ment it  was  estimated  could  be  met  from  the  existent  Am- 
bajhari  reservoir ;  but,  to  allow  for  the  natural  increa.^  of 
consumption  in  the  city,  and  still  to  retain  the  lowest  water 
level  at  the  limit  originally  considered  advisable,  it  was  deter- 
mined to  slightly  increase  the  storage  capacity  of  tlie  reser\'oir 
by  raising  the  crest  of  the  waste-weir  one  foot,  in  order  to 
impound  an  additional  15  millions  of  cubic  feet  of  water — a 
demand  which  it  was  shown  the  drainage  area  of  the  reser\oir 
and  the  average  monsoon  rainfall  could  amply  meet. 

Under  the  new  scheme,  which  was  carried  out  and  opened 
for  service  in  the  year  1890,  the  level  of  the  original  waste-weir 
was  raised  12  inclu-s,  and  its  length  was  at  the  same  time 
increased  from  200  feet  to  457  feet,  so  as  to  greatly  increase 
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t!>  iiischar^^c  uruicr  u  im*iv  iiiiittod  liml,  TIk*  watui'  fur  the 
ligh  siTvk'f  was  drawn  from  lUe  on^iiml  l^-inch  titv  main » at 
L  point.  Hit*mtc"d  luik's  horn  thu  reservoip*  Here  a  13-inch 
miiK'li  j»i{)e  I'io  fc-ct  long  was  cormcctotl,  to  convey  the  wrtter  to 
L  lar^  covfR'd  luuierjL^rouud  dstum^  lioUliiig  alxjut  a  Jay  ami 
i  hiiU^s  supply.  Frottj  this  cistern  it  is  pumpt'J  hy  powerful 
tt^Hui-punips  into  a  rovcrcd  serv ice -reservoir^  situatt-d  ij»  high 
^roiMut  at  a  distance  of  one  and  a  half  tniles,  from  whence  it  \n 
li^tribuii'd  ovtT  the  new  ami  hy  gnivitation. 

Tlie  pun^pinj^  eistcrn  or  reservoir  tiica!*ure.s  150  feet  liy  40 
Irt,  and  {irrivides  fur  a  full  water  depth  of  17  feet  d  inches, 
Uid  an  rtVailal)lo  ea|iacity  <»f  95,000  euhie  feet,  'I'he  pipe  or 
rising  main/  1SIK)0  feet  long;,  tlirougli  wliich  tlie  wntvr  is 
lumped  to  the  liigli  service- reservoir  is  8  inches  in  diameter. 
The  lii^h-service  resen'oir  itself  is  divide<l  into  two  cotti|mrt- 
neiits,  eaeli  meiisiirin|;  75  feet  hy  40  feet  by  l(i  feet.  It  ha,H 
in  avaihd)le  capacity  of  8J2,5(K)  cubic  feet,  antl  a  level  70J  feet 
dn>ve  the  crest  of  tlie  weir  at  Amlvijhrtri. 

The  iitili*^UiiMi  of  Iwt)  and  a  lialf  miU-s  of  the  original  1^-inch 
min  for  the  new  6(*heine  was  decided  upon,  lifter  full  conHidera- 
ioij,  solely  from  motives  of  economy  ;  hnt  it  h/ivinji;  Wvn  found 
,hiit  the  pressure  in  the  city  in  tlie  hottest  monthly  in  iiK-ttn- 
kreniently  affected,  the  municipality  have  since  deternilTied  to 
runir  the  evlm  expense  i»f  a  separate  and  independent  ll^-inch 
main  from  Anibajhari  to  the  puniptng  reservoir.  1'lurteen 
milcrt  of  miditional  distribution  pipes  were  required  for  the  new 
ligh-service  extension.  These  work  un(!er  a  nuninium  ttrective 
Viul  of  I.'i  feet,  but  ail  avenige  elfective  head  of  feet  in  the 
civil  station  and  S4  feet  in  the  city.  The  cxten^^ion  provides 
or  the  tluiiy  wntits  of  44,000  jx^rsons^  at  an  eitiniated  outlay 
^f  three  Liklis  of  rupees.' 

The  dala  far  the  aUivc  uniline  of  the  Nagpur  Wattrworki,  and  ttic  subiv 
high  level  extension,  i*  dcrWct\  from  voU.  xxxlx.  itid  tx.  of  iKe  A/in, 
■^tAi  lmii(utiau  of  Civit  Sngiuttn. 


CHAPTER  IV 


I^HOUR  AND  KAUACIIT 

Lahore  Waterworks — Situation  of  Lahore  and  population — Aspect  of  the  city- 
Project  for  waterworks  and  drainage — Main  features  of  the  water*supply  as 
carried  out — Quantity  of  water — The  supply<wells  in  the  bed  of  the  Kavi— 
The  pumping-well — The  service-reservoir — Particulars  of  the  distributioD— 
Failure  of  the  service-reservoir — Intermediate  arrai^menls — Rates  charged 
for  water — Karachi  Waterworks — Peculiarity  of  scheme — Necessity  foi 
improved  water-supply — Proposals  made — Project  as  finally  decided  on— 
The  Malir  river— The  supply-wells — Excavation  of  wells  without  pumping 
— The  masonry  conduit — Pipe  and  masonry  syphons — The  valve-house 
and  service-reservoir — The  distribution — Cost  and  success  of  the  Karadii 
Waterworkf. 

Lalwre  Waterworks  1877  to  1881. 

Lahork,  the  capital  of  the  Panjab,  is  a  very  ancient  walled  citv 
standing  on  the  alluvial  plain  formed  by  the  Ravi,  a  river 
now  passing  about  two  miles  to  the  north  of  the  town,  but 
formerly  running  close  under  its  walls.  Like  all  ancient  cities 
on  the  plains  of  India,  the  accumulating  dtbris  of  centuries  has 
gradually  and  irregularly  raised  its  area  somewhat  aljove  the 
level  of  the  surrounding  coimtry.  The  highest  portion  of  the 
elevation  in  the  case  of  I^ihore,  and  marking  probably  its 
oldest  seat,  consists  of  a  ridge  running  east  and  west  on  its 
northern  side.  The  city  walls  form  a  parallelogram,  enclosing 
a  densely  populated  area  of  about  461  acres ;  the  suburbs  of 
the  town  having  in  recent  times  rapidly  extended  themselves 
outside  the  walls  in  every  direction  except  to  the  northwards. 

The  total  population  within  the  walls,  by  the  census  of  1871, 
wius  about  92,000,  and  in  the  suburlxs  56,000,  givhig  a  total  jxjpu 
lation  of  about  128,000  persons.  The  only  source  of  water-supply 
for  this  population  was  that  derived  from  wells  situated  within 
the  densely  crowded  city  area,  and  sunk  into  a  subsoil  saturated 
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1  the  filtli  of  ages  ;  yielding  a  water  ti»talh-  (iiifit  for  Imnirtii 
iiniptiDu.    The  high  and  exceHsive  denth-rate  of  Lahoiv, 
ich  fi>r  so  Ii>T»ji  natiirany  atteiitled  this  comlitiuii  of  tlic  xvattT- 
Mipply,  at  k'nt^tli  aroused  tlie  at'tioTi  of  the  authorities,  and 
variuus  piuposals  for  improving  it,  as  well  as  for  tlie  introduc- 
tion of  an  efficient  syfitein  of  si'w^aj^L^  drainage*,  wrre  made  and 
y^|ciut.se<l,  until  in  the  early  part  of  tin;  year  1877  the  existing 
^Brr->;tipply  scheme,  whieli  litts  been  in  ujieration  since  tiie  ^Hh 
sFune  1H81,  was  at  length  approved,  and  the  iniinieipal  loait  rr- 
^^«ite  for  its  eonstrnetiiHj  wiw  granted  by  the  (iovernnient  of 
^Ba.  The  aspect  of  the  city  at  tJds  time  is  found  thus  ofiiciaUy 
^ei>rde*i  :  *  The  stre^'U  jiiul  larn-N  in  the  eity  of  l-,*duM-eftre 

Iieuliar^  t<tstky  the  least  of  it.  If  there  ever  inis  la-en  iui  idea 
Bilignincnt  it  has  been  lortt  sight  of  long  f^^h  and  ut  the 
B  mem' en  lent  of  Hie  works  they  might  nearlv  all  be  (lescrihed 
kieiv  piLSMige.s  and  water-eoiirses,  winiliiig  about  iti  a  niont 
Ruoiij)  faHhion,  liquid  sewage  and  storm  water  having  bt^Mi 
r  a  long  time  the  (miy  engiTiecrs,  atu!  sun  and  niin  almost 
their  only  sanit^try  eonsjervntofs.  It  is  only  lately  U»at  a  eart 
couhl  get  into  many  of  the  strwt«,  and  whw  it  did  get  in,  the 
dilHeulty  was  to  get  it  out  again/ 

*  It  hjul  Irnig  iK'un  tlie  desire  of  various  civil  f)Hieers  eon- 
nectetl  with  Ijiliore  to  ameliorate  in  some  degw  this  state  of 
mat  U'fx,  and  to  oja-n  out  the  city  and  widen  scnne  of  Mir  striH'tjt. 
was^  liowever,  found  impossible  to  alter  their  alignment*  as 
^Hgy  wert*  the  irntuml  drainage  Connies  of  the  dty,  the  nuuU 
'roving  their  levels  well  lx^li>w  the  sites  on  which  the  houses  were 
built.    When  the  w^lte^-^uppiy  anil  seWiigO'dminagi'  sehemes 
were  being  designed,  the  widening  of  some  of  the  princijvfd 
stnvt.s  w/Ls  eonsiiterevi  one  of  the  objecLs  to  la*  held  itt  view, 
^|hcro  were^  however,  many  diflicidties  to  c*>ntend  ugainst ; 
^■i^ngst  itie  gretttent  being  the  prejudice  of  the  inhabitHnb< 
^Hiniit  any  attempt  to  niter  the  existing  state  *»f  things — by 
Hp  the  n>obt  serious,  however^  wan  the  iiuc^tion  of  taking  np 
und  in  the  strtvts.    'J'he  houst*  wen*  huddled  close  ti>gellier» 
■||d  <*ich  house  oeeupiiil  a  very  small  bane  area,  although  built 
l^^y  f^torii's  high  ;  and  in  any  street  improvement  mjuiring 
wideiung,  the  great  numlHT  of  tenemratji  to  be  taken  up,  and 
the  miinv  inhabitatiU  thus  left  houseless,  l>ecanie  a  serious 
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consideration.  The  Government  and  the  municipality,  however, 
recognised  the  feet  that  the  introduction  of  water-supply  and 
of  drainage  schemes  made  it  imperative  to  do  something  to- 
wards widening  the  streets  ;  it  was  in  fact  compulsory  to  make 
a  re-alignment  where  the  principal  mains  had  to  be  laid.  To 
avoid  taking  up  more  land  than  was  absolutely  necessary  it  was 
decided  to  re-align  that  side  of  the  street  only  on  which  the 
pipes  would  be  laid,  and  this  was  adhered  to/ 

The  main  features  of  the  water-supply  scheme  actually 
carried  out  at  Lahore  are  the  following  :  The  supply  of  water 
is  taken  from  wells  sunk,  practically  speaking,  in  the  bed  of  the 
Ravi  river,  from  which  it  is  lifted  by  pumps  into  a  service 
reservoir  placed  at  such  a  height  that  every  part  of  the  city 
and  suburbs  are  supplied  with  pure  water  under  a  head  of 
pressure ;  the  distribution  being  by  means  of  cast-iron  mains 
and  service-pipes.  On  the  northern  side  of  Lahore,  in  the 
form  of  a  horseshoe,  extends  the  plain  of  the  Ravi,  It  is  well 
known  that  the  valleys  through  which  the  Panjab  rivers  flow 
afford  a  constant  and  never-&iling  supply  of  water.  Below 
their  surface  run,  in  fact,  clear  and  sparkling  underground 
rivers,  whose  flow  is  continuous  and  inexhaustible  at  all  seasons, 
and  it  is  this  underground  Ravi  that  has  been  laid  under  con- 
tribution for  the  water-supply  of  Lahore.  The  northern  plain, 
selected  as  the  most  favourable  and  coiivenient  position  for  the 
supply-wells,  was  practically  virgin  soil,  free  from  all  organic 
impurities,  and  as  during  heavy  fi-eshets  it  is  liable  to  be 
flooded  by  the  river,  there  was  no  probability  of  the  city  ever 
Ixjing  extended  on  that  side. 

The  quantity  of  water  required  for  the  daily  service  of  the 
city  population,  taken  at  130,000,  was  1,300,000  gallons,  or 
208,000  cubic  feet,  at  the  fixed  rate  of  10  gallons  per  head  in 
twenty-four  hours,  and  from  the  result  of  some  experimental 
trials  made  on  the  site  selected  for  the  wells,  it  was  estimated 
that  a  series  of  six — afterwards  reduced  to  four — connected 
wells,  each  20  feet  in  internal  diameter,  sunk  to  a  depth  of  32 
feet,  and  placed  300  feet  apart,  would  yield  this  supply,  as  well 
as  a  sui'plus  quantity  ample  for  the  city  demands  for  some  time 
to  come  ;  a  supply,  moreover,  which  could  at  any  time  be  aug- 
mented by  sinking  additional  wells. 
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Ah  thi'  t'linvnt.  of  the  uiulcrCTroimrl  river  flows  fmiii  nist  to 
wt.'st,  the  wt'lls  niv  plai'fd  in  a  stmiglit  line  north  aiitl  fsouth,  nl 
right  ajiglofi  tho  htvoani.  On  the  up-strcaiii  tilde  of  the  line 
of  *iipplv*wells  two  rows  of  10-incli  pijK-s,  3  feel  (]  inches  upart- — 
placet!  at  ii  tiepth  Inflow  the  lowest  Hiiiit  of  pumpiiijj — eonnects 
llie  wv\h  with  ejuh  other,  nntl  with  the  giimph,  or  piiinp-well, 
l)V  mcftiiftof  lii-inchconncctinj^  pipe's;  joined  imd  contn>lktl  liy 
vaIvc^  in  such  *i  iiuuiiivr  that  the  supply  of  water  fn>m  each 
eaii  he  curried  into  tlie  piinipin^-we]!  iiHle|)endently.  T**  the 
emiiiectinj;  pipe  insiile  ench  supply-well  is  lixed  a  vertical  pipe, 
alwi  ISi  inches  in  dianieter*  provided  with  hori/4>ntul  urim  for 
drnwin^  t>rt*  the  water,  at  either  10  or  20  feet  Inflow  the  normal 

,  watvr  level.  On  each  of  these  nrins  a  valve  is  Htteit^  wt»rkeil  frtun 
above  l)v  a  ftcrew-dowii  rod,  hy  meajis  of  which  the  water  cnn  l)c 
eitlicr  cut  oir  frinii  one  or  other  uf  Hie  anus,  or  tlie  supply  from 
any  one  well  can  1k'  completely  cut  oJf.  The  connecting  Vi|>^*^ 
are  oirritHi  through  n  coutiiuiou.s  line  of  trencii-wells,  each  7  feet 
ftijiiare^  rutiiu'n^  pandlel  witli  the  line  of  supply-wells,  .'ill  liein^ 
provided  with  hirjje  cipeiiinjjs  tlinnii^li  their  sides  for  the  pa.s>i»f£e 
of  the  pipes,  which  aiv  supported  on  the  well  curl)s.  The 
cavities  at  the  iHittiun  of  the  trench-wells  are  filled  up  witli 
brokeit  l>ricks,  so  that  the  pipes  rest  tn\  a  Hrni  fouudiition 
Uiroughout.  After  tfie  pipes  were  laiil  t)ie  masuury  of  the 
ftinall  wellj*  was  hrourrht  up  to  a  level  of  i3  feet  altove  the  water- 
line,  anil  tJie  wluiie  line  was  then  arched  over  and  Idled  in  to 
»  ground  level ;  nianhole  doors  being  left  at  50  feet  intcrvalft  to 

Mipciiitate  future  itiNpection  of  tlie  piping. 

'Hk  sumph,  or  puniping-well,  is  15  feet  in  inUTiial  diameter, 
and  iK  t^ituated  on  the  line  of  supply-pi}H«  at  a  distance  of  G5 
fwt  from  tlie  fh*st  nnpply-welL  It  is  eoinjiletely  ch»Bed  at  the 
huttoin  with  woli<l  hloekn  of  masonry,  the  joints  of  which  are 
filled  ui  with  hard-wood  wedges  to  prevent  the  entry  of  wator, 
which  might  disturb  the  ^anlly  5oi]  when  the  pumps  ntv  at 
work.  l*he  biittiMu  of  the  well  is  ;32  feet  l>elott  wjiter-leve!, 
and  thtf  pumping  w  effected  by  two  horizontal  condensing 
engine!*  with  doidih*  ncling  huekH  and  plutigiT  punvpM,  each 
capable  of  raiding  l,iMH),(KK)  gallons  of  water  in  twelve  hours*  to 
a  height  «>f  150  lineal  feet,  and  forcing  thi^t  quantity  through 
n  20-inch  main,  ti'^DO  feet  in  Icngtlu  when  working  al  forty 
revolutions  a  minute. 
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The  service-reservoir,  265  feet  in  length  and  160  feet  in 
width,  divided  into  two  compartments  by  a  division  wall,  was 
constructed  on  a  site  selected  on  the  highest  part  of  the  city 
ridge.  Its  capacity  was  calculated  for  a  two  days^  supply,  when 
full  to  a  depth  of  11  feet  6  inches.  The  ridge  within  the  city 
on  which  the  reservoir  is  erected,  was  the  only  site  sufficiently 
high  to  allow  the  water  to  be  delivered  under  an  average  head 
of  al)out  40  feet  of  pressure  throughout  the  main  distribution. 
There  were,  however,  some  elevated  portions  of  the  same  ridge 
where  the  pressure  would  only  admit  of  a  street  service,  but  as 
it  was  deemed  desirable  that  the  houses  in  the  highest  parts 
should  l)e  supplied,  as  well  as  an  efficient  fire-service,  three 
stand-pipes  were  erected  on  the  north  side  of  the  reservoir,  of 
sufficient  height,  when  water  was  passed  over  them,  to  effect 
the  object  desired.  This  high  service  is  capable  of  exerting  a 
pressure  on  the  mains  and  service  pipes  of  50  feet  over  the 
highest  water-level  in  the  reservoir,  or  a  total  pressure  of  about 
90  feet. 

The  city  area  supplied  was  divided  into  five  separate  districts, 
each  having  its  own  main,  and  system  of  street  service-piping, 
supplied  directly  from  tlie  reservoir,  or  high  service  stand-pipes. 
The  service  pipes  of  each  district  are,  however,  connected 
witli  the  main  pipe  of  the  adjoining  system,  so  that  in  case 
of  a  stoppage  of  one  main,  the  pipes  can  be  supplied  from 
another  by  opening  the  necessary  connections  and  closing 
the  stopped  main.  By  this  means  also  the  water  can  be  con- 
fined to  any  one  or  more  districts  ;  it  can  be  made  to  circulate 
freely  thn>ughout  the  entire  system,  and  thereby  establisli  a 
better  equilibrium  of  pressure,  or  in  case  of  any  abnonnal 
demand  in  one  district,  the  adjoining  mains  can  give  it  an 
auxiliary  supply.  Altogether  nearly  twenty-two  miles  of  main 
and  service  piping,  varying  from  20  inches  to  3  inches  in 
diameter  were  initially  provided.  Provision  is  everywhere 
made  for  direct  communication  between  the  street  service 
pipes  and  the  houses,  into  which  water  is  delivered  whenever 
desired,  in  preference  to  drawing  the  supply  from  the  street 
stand-posts,  of  wliich  300  were  originally  erected  at  convenient 
intervals.  One  hundred  and  eighty  street  fire-hydrants  of  2 
inches  diameter,  were  also  furnished  at  convenient  sites,  so  a5 
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Ik'  avmlablf  in  uuscs  of  fire,  us  well  as  fur  saiiitjirv  |»iirp4»ijes, 
I'hf  pipe  Iftvinff  won  a  work  of  grvai  difficulty,  refjiiiihi^  great 
i\  owirinf  t"  tliv  niinow  and  tortuouii  imture  of  the  stivet?* 
d  laiH's,  niul  to  the  Utu\  soil. 

Soon  after  the  first  opening  of  the  Laliore  Waterworks  a 
sfttU'iiietit  in  tiK'  foundations  of  the  Bervice-reservoir  occurred, 
whit'Ii  coinpelkil  its  disuse  until  a  nuw  reservoir  could  he  Innlt. 
In  the  interval,  arrangonunts  were  made  to  carry  on  an  inter- 
mittent supply  system  hy  nuiking  use  of  tl»e  high  servit'e  stand- 
pijK's;  provision  being  made  for  the  overflow  hy  a  t^pednl  out- 
let, in&teail  of  allowing  it  to  pass  through  the  R*5orvolr.  In 
order  to  avoid  the  needless  CNpcnst.'  itf  punjping  the  whok- 
water  to  nil  nnnece^iAary  ek»%ation,  the  height  of  the  sbuid 
pi|)e!S^  was,  as  a  temporary  measure,  reduced  to  nearly  the  same 
level  i\s  the  ordinary  pressure  of  the  disaUle<i  reservoir.  The 
iiew  tterviee-reservoir  on  the  original  site  was  eoniplvted  in  the 
year  188^5,  and  has  lieen  entirely  successful,  tt  consists  of  four 
large  iron  tanks,  each  GO  feet  by  60  feet  hy  IS  feet  containing 
ft  hupply  of  a  niillion  gallons. 

The  rates  cliarged  l>y  the  municipality  are  H  annas  jK-r  1000 
gtilloiiA  wlien  supplied  retaiU  auti  6  annas  for  inanufHctunug 
purposes*  It  is  sjitisfaetory  t<»  tintl  it  reforded  that  *anv  Ciiste 
prejudiceii  against  using  the  water  has  long  since  hmken  down, 
and  the  penjjle  fitllv  appret'iate  thti  pure  water,  with  as  genuine 
a  feeling  of  liatisfaetion  as  those  who  are  eonsidcrLnl  more 
ndv/tnceti  in  civilisation."  The  total  initial  cost  of  the  Lahore 
water-supply  project,  as  above  %rketched,  is  given  as  riijavs 
l.>,(X>,a'15  ur  mdilim  at  jmr. 

Karachi  Watcncorks^  1B80  to  1884. 

Tile  |xx'uliar!ty  <*f  a  gravitation  scheme  of  wuter-supplv 
derived  ilirtrtly-  and  without  intermediate  pumpitig  from 
wells  is  met  with  in  the  ease  of  the  si-a^coa^l  town  of  Karachi, 
the  capital  of  tlie  Province  of  Seinde.  The  workit  in  tvmnec- 
tion  with  this  scheme  were  comnuneed  early  in  H*e  vear  ISHO, 
and  wt'iv  brought  ti»  completion  in  ISS-I-,  having  Ixcn  purltnllv 
penetl  in  TIjc  iu%vHsily,  on  sanitary  groundo,  far  an 

niproved  uiiter-hupply  ftir  tlie  rapidly  rising  comnierciiU  town 
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of  Karachi,  had  already  for  many  years  been  admitted,  and 
several  proposals  for  its  improvement  had  been  made  and 
rejected  on  various  grounds,  when,  in  the  year  1868,  careful 
experimental  triab  were  made  to  ascertain  by  means  of  pump- 
ing: at  what  level  1200  gallons  of  water  per  minute  could  be 
obtained  from  the  underground  flow  of  the  Malir  river.  The 
experiments  made  proved  that  the  above  quantity  of  water— 
which  was  that  necessary  to  supply  the  town  of  Karachi  with 
twenty-two  gallons  per  head  per  day  for  a  population  of 
80,000  inhabitants— could  easily  be  obtained  at  no  great 
depth.  A  project  was  accordingly  elaborated  for  supplying 
the  town  with  water  to  be  derived  from  wells  sunk  on  the 
banks  of  the  Malir  river,  and  carried  across  the  intervening 
country  by  means  of  a  main  of  cast-iron  pipes,  to  a  reservoir  to 
be  built  near  the  town.  The  total  estimated  cost  of  this  project 
was  d£*152,000.  Owing,  however,  to  a  great  rise  in  the  price  of 
iron  in  England  occurring  before  the  works  were  put  in  hand, 
the  scheme  was  indefinitely  postponed,  the  money  at  the  com- 
mand of  the  municipality  not  being  sufficient  to  meet  the 
increased  outlay. 

In  the  year  1873,  the  question  of  the  water-supply  was  again 
taken  up,  and  in  order  to  reduce  its  initial  cost — the  price  of 
iron  being  still  high — it  was  proposed,  in  view  of  the  cheapness 
and  excellence  of  the  stone  available  in  the  neighbourhood  of 
Karachi,  to  substitute  a  masonry  conduit,  built  underground, 
in  place  of  a  cast-iron  main.  A  new  scheme,  embodying  tliis 
substitution,  estimated  to  cost  i?120,000,  was  prepared,  but  the 
available  means  of  the  municipality — without  recourse  to  a 
loan,  which  was  not  desired — being  limited  to  about  <£*85,000, 
the  cost  of  the  project  was  further  reduced  to  that  amount,  bv 
a  curtailment  of  the  distribution  system.  On  the  completion 
of  the  reduced  sclienie,  liowever,  the  public  appreciation  of  the 
pure  water,  and  the  demand  for  it  at  remunerative  rates  was  so 
great,  that  the  municipality  at  once  applied  for,  and  were 
accorded  permission  to  raise  a  loan  for  the  execution  of  the 
curtailed  portion  of  the  project,  which  was  then  carried  out 
with  little  or  no  delay. 

The  Malir  river,  which  rises  in  the  mountainous  district 
between  Karachi  and  Sehwen,  drains  a  sparsely  populated 
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country  alxuit  fiO(>  Jtjunre  miles  in  t'xtunt,  At  the  point 
lecttxl  fur  tlitf  supply-wells^  it  is  alunit  J2100  feet  wiclt%  miJ 
when  in  flood  it  discliarfjes  a  Vfist  l)otly  of  water.  For  the 
Renter  part  itH  the  year,  however,  tlie  hed  of  the  river  is  per- 
fectly dn'.  but  water  is  everywhere  to  he  found  hv  dif^f^iiig  ii 
few  fvvl  hclow  the  siiriace  of  the  sand.  AlKiut  IfKH)  feet  froui 
the  uetir  Imnk  of  tlic  Malir,  which  is  well  defined,  two  wells, 
eneli  40  feet  in  internal  diameter,  36  feet  deep  and  400  fi'et  ajwirt^ 
were*  sunk.  These  wvlls  supply  by  gravity,  through  a  conduit 
over  18  miles  in  lengtlt,  and  pritieipally  eonstrncteil  in  masonrv. 
a  !*ervico*reservoir  situated  close  to  the  town  of  Karaclii.  From 
the  servieC'reservolr  antl  inlet-well  in  connection  with  it,  water 
\%  delivered  by  graviUtion  to  all  pirts  of  the  town,  port, 
civil  lines,  niul  military  cantonment,  throujijh  caat-iron  pipes; 
uumerous  public  street  services  l>eing  also  estjiblished.  The 
twi>  Mipply-welLs  were  exenvnted  to  tlieir  full  depth  of  iUi  feet 
witliout  the  aid  of  pumps  of  any  kind.  About  B  miles  from 
the  Malir^  the  line  of  conduit  crosses  a  smaller  river  called  the 
'I'hudda,  and  as  Ihe  bed  of  this  stream,  at  the  point  of  crossing 
waa  at  a  longer  level  than  the  bottom  of  the  wellft,  the  evcava- 
tion  of  the  trench  for  the  conduit  was  commenced  at  thi«  point, 
and  carried  onwards  to  the  site  of  tlie  \vv\U,  Hy  tliia  tiieeuis  all 
the  water  found,  both  in  the  comluit'treuch  and  the  wells,  was 
drainiMl  i>fr  into  tlie  Tluidda.  An  enormous  extra  expanse  in 
pumping  was  saved  by  the  possibility  of  this  expetlictit^  as  it 
wrtJi  found  that  for  a  jieriod  extending  over  many  months,  the 
volume  of  water  drnini^l  through  the  conduit-trerich  excavation 
amounted  to  two  million  gallons  of  water  per  ilay.  As  soon 
the  excavation  of  the  cotiduit-treueh  ami  the  two  wells  was 
completed,  the  hitler  were  ^steined'  or  lined  with  masonry 
d  feet  thick,  cunKiisting  of  large  bltKrks  of  stone^  laid  dry  ;  the 
joints  Ix'ing  everywhere  left  rough  and  open,  so  att  freely  to 
mtt  water.  Aliove  water-level  the  lining-wall  isstrtin  mortar, 
d  iscarriiHl  to  a  height  of  2Ji  feet  above  ground-level  ;  the 
work  Wing  finished  off'  with  an  ashlar  cornice  and  i'o]iing. 

In  the  centre  of  each  well — on  a  securt*  ffmudation — is 
erected  a  cast-iron  vaUc-shafl,  4  feet  in  diauirtrr,  providtti 
with  three  sliding  ftluicc-doors,  workeil  from  an  upper  platform, 
through  whitli  water  is  adnntted  into  the  »liaft  at  different 
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levels.  Near  the  bottom  of  the  valve-Hliuft  ii  !24-iMc|i  main 
pipe,  fitted  with  a  regulating  valve  (iilsa  worked  from  ihc 
tipper  platform)  issues,  iiiul  connects  tlie  valvL-^shaft  with  a 
junction  bnik  or  chainlior  2U  feet  deep,  and  10  feet  in  dt/inieUr, 
situated  nearly  a  mile  from  the  Mulir  wells.  At  this  junction 
tiuik  tlie  masotirv  conduit  commences. 

Tlie  masonry  ct>nduit,  including  tlie  length  of  several  casl- 
iron  pipc-s)'phons,  constructed  to  pass  the  water  under  iht 
naluml  streams  intersected  in  its  ali):^nment,  is  over  17.J  mtii^ 
lonf;.  For  the  lirst  lOJ  miles  of  its  course  from  the  junction 
tank  its  internal  section  is  ^  feet  3  inehcH  wide  and  3  feei 
high,  with  a  full  of  2  feet  per  inile;  for  the  remaining  part  <»f 
the  len|^th  the  internal  section  is  2  feet  6  inches  wide  niiJ 
2  feet  inches  high,  the  fall  varying  from  3*9  to  f)  feet  pxT 
mile.  From  the  level  of  the  bottinn  nf  the  S4i-inch  pif>e  iK-Huiiij; 
from  the  valve-shaft  in  tlie  supply-well,  to  the  l)ott<^m  of  tlie 
masonry  conduit  at  tlie  first  point  wliere  it  terminates  in  the 
inlet-well,  atljoining  the  .service  reser\'oir,  the  total  vertical  fnH 
is  69  053  feet.  The  conduit  is  built  uf  pubhlc  masonry  coated  on 
the  inside  w^ith  Portland  cement  plaster  half  an  inch  thid. 
The  top  is  slabbed  over  with  stone  8  inches  in  thickness,  mef 
which  is  laid  a  covering  of  concrete,  any  i-emaining  depth  "f 
the  trench  being  filled  in  with  soiL 

Along  the  course  of  the  conduit,  the  water  is  pas^etl  iindct 
five  intervening  7ialu9  or  streams,  by  tliree  pipe  and  two 
masonry  syphons,  the  largest  heiiig  the  pipe-&yplion  carrictl 
under  the  Thudda  river.  Ventilating  shafts,  5  feet  by  JiJ  feet 
in  scctionjare  provided  at  intervals  of  |  a  mile  to  1  mile  a|»artf 
foot-irons  being  fixed  in  each  sliaft  to  enable  an  inspection  of 
the  conduit  to  be  made  when  desired.  The  water  is  di6char;»i'il 
by  the  masonry  conduit  into  an  inlet-well,  JJO  feet  in  dianu'ltr, 
which,  together  with  the  valve-house,  is  built  adjoining  tlit 
eervice-reservoir,  and  acts  as  a  second  cliamber  to  it.  Tlie 
walls  of  the  ink't-well  are  carried  up  to  a  heiglit  of  (wi 
above  ground  level,  and  carry  a  concrete  roof  and  «n  asbW 
battlemented  cornice.  The  distributing  or  scrvice-rcsenoir  ii 
SiOO  feet  long  and  150  feet  wide,  and  contains  a  maxinuini 
depth  of  water  of  10  feet  9  inches.  The  total  capacity  i&  ncJiriv 
2  million  gallons,    Tlic  reservoir  is  built  in  L'xcavation,  and  i« 
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HMifed  over  with  rubble  masonry^  concrete,  and  earth,  sup- 
ported on  lines  of  archwork.  A  partition  wall  runs  for  nearly 
tbe  whole  length  of  the  reservoir,  and  separates  the  inlet-pipe 
from  tlic  main  delivery-pipe*  thus  ensuring  a  complete  circular 
tioti  of  the  water.  The  water-level  in  the  reservoir  is  55  feet 
ftljove  the  average  groLind  floor- level  of  the  houses  in  the  native 
town. 

Aawt-iron  inlet-pipe,  24  inches  in  diameter,  controlled  by  a 
valve  at  the  well-end,  connects  the  inlet-well  with  the  reservoir, 
where  it  terminates  in  a  bell  mouth.  The  main  delivery-pipe^ 
aUo  24  inches  in  diameter,  has  two  brancbes,  leading,  one  from 
the  inlet-well,  and  one  from  the  reservoir.  These  are  fitted 
near  each  inner  end,  >vith  S4-inch  sluice-valves,  so  that  water 
can  \k'  supplied  to  the  town  direct,  either  frotn  the  iidet-well 
or  from  tfie  reservoir,  as  occa^^ion  may  require,  A  cleansing  or 
soouring-pipe,  which  communicates  with  a  built  drain,  is  laid 
S  feet  below  the  level  of  the  main  ctebvery^pipe,  and,  like  it, 
boa  one  brancfi  from  the  well  and  one  from  the  reservoir,  end- 
ing in  each  cose  with  a  sluice- vidve. 

Tlie  distribution  throughout  the  town,  port,  civil  bnes  and 
military  cantonment  of  Karachi,  is  effected  Ihrtiugh  main  and 
Hwiee-pipes  of  caftt-lron,  varying  from  ^4e  inches  to  inches 
5n  diameter,  liavinji;  an  agrrrepite  original  length  of  nearly  32 
miles  (now  probably  much  more).  A  5-inch  pipe  wa±i  laid 
down  fur  the  special  supply  of  the  main  railway  station,  and  a 
6-incb  pipe  was  carried  to  Keamari^  a  diaUitjce  of  over  5  miles 
from  tlie  civil  lines,  for  tlie  supply  of  the  shipping  and  engine- 
house  at  Merewetlter  pier,  In  the  town,  hydrants  are  placed^ 
at  intervals  of  200  feet  in  the  principal  thoroughfare*,  to 
facilitate  atreet-walering,  atid  in  other  !*treetA  at  400  feet  inter- 
vals. A  neat  and  ortiamental  pattern  of  bhisti  (i\r.  water- 
carrier)  service,  delivering  water  from  overhead,  as  well  as  a 
roofed  in  public  street  service*  each  containing  twelve  sc4f-4ict- 
ing  bib  cock«  an<l  drinking-trough  for  cattle^  is  adopted  at 
Karachi.  Of  these  forty,  and  twenty-eight,  respectively,  were 
originally  provided,  distributed  over  the  more  thickly  |>opu- 
ated  parts  of  the  town. 

The  total  cost  of  the  Karachi  Waterworks,  as  completed  in 
1889,  amounleil  to  nearly  £1 15,000^  and  the  maximum  powible 
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daily  supply  of  water  was  2,500,000  gallons,  or  ft5  gallons  per 
head  per  day  for  a  population  of  100,000  persona.  The  rates 
charged  for  private  supplies,  after  the  opening  of  the  works, 
varied  from  5  to  1  lU.  per  month,  according  to  size  of  connec- 
tion, or  from  6  to  10  annas  per  1000  gallons  by  meter.  As 
the  water  flows  by  gravity  from  the  supply-wells  to  the  dis- 
tributing reservoir,  there  is  no  expense  for  pumping;  whilst 
the  cost  of  maintenance,  repairs,  and  establishments  is  at  a 
minimum.  The  scheme,  therefore,  should  be  a  remunerative 
one  to  the  inhabitants  and  mimicipality.  The  Karachi  Water- 
works were  formally  opened  to  the  public  on  the  21st  April 
1883,  but  were  not  fully  completed  until  the  year  1884. 


CHAPTER  V 


JUBBULPOliE  CONCUmiON 

Jubbulpore  Waterworks — Scarcity  and  impurily  of  the  former  water  ^supply — 
Ppfuilation  of  Jubbulpore — Outline  history  of  the  scheme— Main  feaiurcft  of 
pro|iflwd  works — Proviaon  of  funds— Preliminaj'jr  o|>cra(iDns — ConslruGtion 
of  the  lUflSiOniry  dam — Elscap^  "W^int — Straining  and  regulating  tawer->~^PipcS| 
valves,  and  supply  naiii — Arra^ngcmenis  for  future  extension  tuf  ihe  water* 
supply— Concluding  obficrvalions— Other  water-supply  projects— Walet- 
supply  of  Luckuow — Artesian  well— FnilurC  lo  obtain  water — New  scheme 
— Outline  of  project — ^Vatei-supply  of  Delhi — Conclu^oo, 

1^  Jiihbidpore  Watrrworks^  1881  to  1884 

A  VKHY  tliorou^li  and  well-considered  Btheme  of  watcr-^upply 
for  tht?  proviiiL-ial  eitv  of  Jubbulpore,  hi  the  Cftitral  Provinces, 
«ras  carried  out  between  the  years  1881-1884,  Tliis  rapidly 
ri^in^  rity  itid  important  railway  t-'entre,  previuiitt  to  tbe  con- 
struction of  the  water-supply  works  now  to  be  outlined,  was 
de^iendenton  the  supply  aH'arded  by  numerous  shallow  wpIIh,  for 
the  ino^t  part  sunk  in  tliehard  granitic  rock  with  wUich  Jubbul- 
pore ulwuoJs.  The  water  derived  from  thc&e  wcll^,  at  the  best 
of  times,  was  uncertain  in  cpiantity  and  of  indifferent  quality  ; 
but  in  years  of  ^liort  rainfall  it  was  extremely  scanty  and  im- 
pure. By  the  census  of  1S*S1,  the  population  of  the  native  city 
mid  inilitjvry  i-aiitonnients  of  Jubbulpore  nuiuhered  nearly 
fyi,()00.  In  the  city  projKr^  nuinlH^rin^  almut  47.500  houIs, 
tliere  existed  1058  wells;  btit  Less  than  200  of  tlie^e  furnished 
vater  suitable  for  drinking  purposes^  and  even  in  years  of 
average  rainfall  a  large  propt>rtion  of  the  latter  ran  dry. 

In  the  year  1874,  the  s<'iireity  of  water  was  so  great  that  it 
ftold  iu  tile  city  at  from  2  to  4  aniia«  per  ^hurra  (a  vessel 
holding  about  £2  f^nllutis);  and  thib  \a  stated  to  have  been  n 
cuiitoin&ry  experience  iu  the  hot  season,  except  after  yeari  of 
heavy  raijifall.    A  Urge  number  of  the  wella  iu  tlie  city  were 
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also  contaminated  bj  the  neighbouiliood  of  smaU  tanks  fed  hy 

the  surface-drainage  of  the  streets ;  for  many  years,  therefore, 
an  improved  water-supply  for  Jubbulpore  was  a  most  urgent 
want. 

The  history  of  the  scheme  carried  out  in  the  years  1881-84 
may  be  shortly  told.  As  far  back  as  1872,  a  special  engineer 
was  deputed  by  Government  to  examine  and  report  upon  the 
available  sites — within  a  reasonable  distance  of  the  city — 
offering  facilities  for  the  storage  of  water.  A  number  of  sites 
were  at  that  time  reported  on ;  but  all  proved  in  one  way  or 
another  unsuitable.  In  the  following  year,  the  Government 
engineer  then  attached  to  the  Jubbulpore  Division,  was  in- 
structed to  make  proposals  for  a  water-supply  scheme,  and  he 
shortly  afterwards  submitted  sketches  of  two  projects  to  supply 
the  city  by  gravitation. 

Of  these  proposals,  one  was  rejected  owing  to  the  very 
limited  head  of  water  available.  The  remaining  scheme,  which 
formed  the  hash  of  that  afterwards  carried  out,  was  to  con- 
struct a  reservoir  on  the  Khandari  nulla,  at  a  favourable  site 
situated  alx)ut  7  miles  from  the  city,  and  convey  the  water  the 
whole  distance  by  means  of  pipes.  The  head  of  water  in  this 
scheme  was  sufficient  to  command  at  good  pressure  all  parts  of 
the  native  city  and  cantonments;  but  its  estimated  cost  amounted 
to  five  lakhs  of  Ks.,  or  dP50,000  nominal,  and  the  finances 
of  the  municipality  would  not  admit  of  so  heavy  an  outlay. 
The  scheme  was,  therefore,  in  abeyance  for  some  years.  The 
privations  undergone  by  tlie  city  population  in  consequence  of 
the  deficient  rainfall  of  1878  were  so  great,  that  tl»e  iniproved 
water-supply  scheme,  and  especially  the  means  by  which  the 
necessary  money  could  be  raised,  was  earnestly  taken  up  by 
the  local  civil  officers,  with  the  result  that  arrangements  were 
shortly  afterwards  entered  into  with  a  local  firm  of  wealthy 
bankers,  through  whom  the  funds  were  obtained  on  fairly  easy 
terms.  It  is  owing  to  the  public  spirit  and  liberality  of  this 
firm  that  Jubbulpore  is  in  great  measure  indebted  for  the 
excellent  water-supply  which  it  has  now  enjoyed  for  more  than 
a  decade. 

The  question  of  funds  having  been  satisfactorily  settled,  the 
necessary  surveys  and  studies  for  the  proposed  water-works 
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were  commenced  towards  the  end  of  the  year  1879»  and  a 
detailed  project  was  elaborated.  The  new  cviikus  of  the  early 
part  of  the  year  1881,  however,  showed  so  considerahle  an 
increase  of  popiihtHnit  that  a  revision  of  the  project  aa  ori^iti- 
aJly  prepared  Inxame  Jiecessary,  and  the  details  of  an  enlarged 
scheme,  providing  for  the  supply  of  100,000  persons,  were 
rapidly  drawn  up.  This  scheme  was  sanctioned  by  Governnient 
toward*  the  end  of  the  same  year.  Preliminary  work  had, 
however,  l>een  conimencetl  early  in  1881,  enabling;  the  construc- 
tion of  the  reaervoir  data  to  be  put  in  hand  Ijefore  the  close  of 
the  year.  Frtmi  this  time  operationfl  were  carried  on  vigorously 
up  to  the  Iw^inninp;  of  the  year  188i3,  when  the  works  were  for- 
mally opene<I,  with  some  ceremony,  by  the  Chief  Commisaioncr 
of  the  Central  Provinces  on  the  SJGth  Fehruary,  althou^jh  it  was 
not  until  about  a  year  later  that  the  full  scheme  was  entirely 
completed. 

Tlie  preliminary  operations,  commenced  in  April  1881,  com- 
priHed  excavations  for  the  foundations  of  the  niasf>nrv  dam  of 
the  intended  reservoir ;  the  construction  of  service-rna<i«,  and 
accouiiModalii>n  ftir  the  Kupervising  establishment  and  for  the 
work-people.  Owing  to  the  great  scarcity  of  water  during  the 
hot  seafKJU,  provisitm  was  made  for  the  temporary  storage  of  a 
certain  suj>ply  by  the  construction  of  h  small  tank  within  the 
reservoir  area.  The  im^iortant  matter  of  conservancy  wa^  al&u 
attended  to,  and  so  efficient  were  tJie  arrangements  made  to 
preserve  the  coolie  lines  in  good  santtarv  condition,  that  not- 
withstanding  the  small  army  of  labourers — ninnl>ering  nearly 
3000  |>erM»ns,  wliich  was  collected  at  the  ^ite — no  epidemic 
occurrt>d  iKirlng  the  entire  prngrcss  of  the  works.  The  quarry- 
ing of  the  necessary  stone  for  the  main  works,  and  the  pro- 
viKicni  of  the  other  various  matt-riaU,  us  well  as  plant,  rc(|uired, 
wj»^  rnpidly  pushed  forward,  si»  that  by  the  month  of  Deeend>er 
1H81  the  conntruetion  of  the  masonry  dam  could  Iw?  com- 
nienciHl.  Tfie  site  for  the  dam  was  chosen  at  a  ]M)int  on  the 
Khamlari  nulla,  situated  about  8  miles  east  of  Jubbulpnre,  at 
an  clevntitMi  of  VM)0  feet  above  mean  sen  level.  The  founda- 
tion material  met  witli  along  the  whole  alignment  of  the  dam 
wnn  of  a  m*M*t  favourable  character;  a  good  deAcription  of 
basalt  rock  being  everywhere  found  at  niudemte  deptliA. 
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Excellent  Imsalt  stone  for  building  purposes  was  also  procu 
able  close  at  bmnl,  so  tlmt  the  site  oflert'd  great  natural 
Advantages  for  the  construction  of  a  niMsonry  dam. 

The  dam,  as  constructed,  h  KiHO  feot  long^  and  hajt  a 
niaKiinuin  height  of  71 J  feet  above  foundations.  The  maxi* 
nuim  thickness  18  52  feet  at  the  liottonit  and  it  is  everv^vhere 
!)  feet  thick  at  tlie  top  ;  the  finished  structure  containing  about 
1,111,^00  cubic  feet,  or  41»155  cubic  yftvds  of  rubble  nitLsonry, 
with  about  5;j,000  cubic  feet,  or  19f)Ji  cubic  yards,  of  cuncrcU* 
in  foundations.  Fur  the  whole  length  of  the  dam  a  trench, 
feet  broad  and  from  11  to  2  feet  in  deptli,  below  the  gencnJ 
level  of  tlie  foundations,  was  cut  into  tlie  rock^  and  lillcd  with 
concrete,  and  wherever  faults  or  (issures  were  encouuteretl, 
these  were  carefully  and  completely  opened  out,  until  (inn  rock, 
was  reached,  the  void  spaces  being  Klled  in  witli  concret*. 
Thus  the  work  was  everywhere  rooted  into  a  solid  and  im- 
pervious strata,  and  rcndereil  perfectly  secure  against  all 
leakage  along  the  line  of  junction. 

A  Hood-escape,  -iOO  feet  long»  with  cilJ,  or  crest*  placed  at 
the  top  level  of  the  stored  water,  or  (JIJ  feet  alwve  the  lowest 
Ixittom  of  the  reservoir,  is  provided  on  the  right  flank  of  the 
dam.  Immediately  adjoining  this — which  may  be  culled  the 
normal  eHcape-weir— an  additional  length  of  escape,  437  feet 
long,  is  placed,  having  its  cill  3  feet  higher,  whilst  in  ctndinua- 
tion  of  the  latter  a  further  length  of  GUS  feet  has  the  cill  level 
4  feet  above  the  normal  escape ;  the  remaining  flank  of  the 
dam,  315  feet  in  lengtli,  being  5  feet  above  the  same  level. 
The  combined  discharging  power  of  the  escapes  is  trstiniated  at 
18,450  cubic  feet  per  second  :  this  is  equivalent  to  n  rainfall  of 
5'44«  inches  in  an  hour  over  the  whole  catchment  of  5J  squarv 
miles,  reaching  the  escape  at  a  unifonn  rate  in  the  hour.  The 
water  is  discharged  directly  on  to  the  solid  basalt  nx:k  below 
the  dau),  without  tlie  intervention  of  steps,  or  precautions  *>f 
any  kind  ;  tlie  heiglit  of  the  fall  at  the  norma!  escape  being  2tJ 
feet  On  the  left  of  this  escape,  a  long  guard  wall,  i^ii6  feet  in 
total  lengtli^  cuts  oft"  the  water  from  access  to  tiic  lower  part 
*if  the  valley,  aiid  a  short  guard-wall,  80  feet  in  length,  affords 
protection  to  the  base  of  the  hill  on  the  right  flank  of  the  dttto. 
Thes«  guard-walls  are  set  well  l»ack  from  the  extremities  of  the 
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pe,  so  as  to  be  rlmr  c>f  the  fulling  water.  The  crest  of  the 
pe-weir  is  prelected  with  urditiary  concretf,  Hnislied  of!' 
with  2  inches  in  thickuess  of  fiiie  Portland  cement  concrete, 
imlea.d  of  witli  cut  stone, 

A  solidly  huilt  nnuionry  water-tower,  securely  founded  on 
the  tKjIid  rock,  is  ecjnstrueted  at  n  distance  of  10  feet  from  the 
inni*r  or  reservoir  faee  of  tlie  mfuonry  danu  and  is  connectcil 
with  tlie  top  of  the  djtm  by  a  Bi^ht  of  steps  carried  by  tin  arch^ 
The  tower  is  eircohir  in  pinn,  with  mi  octngiUial  covered-in 
dianiber  ut  the  iiiinoiit.  It  has  an  internal  diameter  at  bottom 
of  6  feet,  nod  «n  externa!  diameter  tl>rongfiout  of  18  feet*  At 
the  top,  tlie  internal  tliameter  i&  11  feet^  and  the  height  of 
|be  tower  from  bottom  of  foundations  to  the  baUleincnted 
lianimit  of  the  oeUit^orud  chainlKT  is  87^  feet.  Attaclied  ti> 
the  outside  face  of  the  tower  is  built  a  rect«ti^ohir  ehand>er^ 
10  feet  by  6  in  plan,  carried  up  from  the  Hoor  level  (whicli 
IN  10  feet  alH>ve  tiie  lowest  bottom  of  the  reservoir)  to  a  short 
distance  aljove  high-flood  level.  Into  tins  chamber  the  water  of 
the  reservoir  is  admitted  tlirough  a  set  of  wire-gauze  strainers^ 
htiviitg  forty  meshes  to  the  inch.  There  are  two  sets  of  these 
strainers,  phieed  a  Hht>rt  distance  apart,  and  fixed  in  wooden 
frames,  wliich  work  in  grooves  provided  in  the  outer  wall  of 
the  fitrained-M^ater  chamber,  and  either  set  can  be  hauled  up 
for  cleaning  or  repair,  by  special  tackle  fixed  above  for  the 
purpoite.  The  object  of  these  ^iitrainerH  is  to  prevent  tish  or 
any  solid  matter  from  the  reservoir  entering  the  pipes. 

From  the  strained-water  chamber  the  water  j>ase*e8  into  ii 
vertical  stand-pipe,  fixed  inside  the  water-tower,  through  thrt^e 
radiating  iulct  pipes,  M'hich  are  carried  through  the  intervening 
wall  nt  three  diliereut  levels.  The  etitrance  of  water  is  con- 
trolled by  valves  placed  on  the  inlet*pipes  near  their  junction 
with  the  stand-pipe  inside  the  tower,  where  they  are  at  all 
times  accessible.  The  outer  ends  of  the  inlet-pipes  im^tde  the 
utrained- water  chamber  are  turned  upwards  ^^t"'  are  bell- 
mouthetl,  so  that  whenever  repairs  to  the  inside  valves  are 
retjnired,  the  outi-r  ends  of  the  fiipes  can  Ik*  closed  by  a  ball  of 
wot)d,  "r  other  istopper  of  proper  diameter.  A  snndl  pipe,  pro- 
vided with  a  stop-cock,  connects  the  interior  of  each  inlet-pipe 
i«jth  the  ontiiide  water,  so  that  when  it  is  desireti  to  remove 
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the  §topper,  the  pressure  can  be  equali^^ecl  by  the  adaiiKftion  o 
water  below  it.  In  addition  to  the  three  inlet-pipest  a  fourUi 
pipe  placed  on  the  bottom  floor  of  the  tower,  |>a»!4cs  from  i 
through  the  strained-water  chambtT  into  the  reservoir*  ter 
minating  in  a  hinged  flftp-valve  worked  from  alx>ve.  *V]\e 
pipe,  whieh  is  provided  with  a  large  valve  in  the  interior  of 
the  strained-water  chamber  (worked  also  from  the  top  floor),  and 
with  an  ordinary  screw-down  valve  inside  the  tower — is  culled 
the 'seouring-pipe/ and  its  object  is  to  remove  any  sediment 
which  may  collect  in  front  of,  and  inside,  the  strained-water 
chamber,  which  is  done  hv  the  scouring  action  set  up  when  the 
valvL^s  are  opened.  The  vertical  stand-pipe  within  the  tower 
is  connected  with  the  main  supply-pipe,  and  this,  together  with 
the  scouring-pipc,  both  pass  from  the  bottom  of  the  tower 
hrougfi  a  culvert,  which  i^i  carried  uudcrneath  tlic  tiam.  The 
scouring-pip  ends  at  a  short  distance  beyond  the  outer  toe  of 
the  danu  and  the  main  supply-pipe,  16  inches  in  diameter* 
carries  the  water  to  the  town  of  .fubbulports  No  arrangemenlfi 
are  required  for  filtering  the  water,  but  special  precautions  are 
taken  to  prevent  any  fouling  of  the  catchment  area  of  tJie 
reservoir. 

The  IG-inch  main  pipe  between  the  reservoir  and  Uic  town 
is  provided  with  frequent  stop^valves,  and  on  all  the  pipe 
systems  air-valves  on  the  summits,  and  scour-valves  in  tlic 
depressions  are  fixed.  The  pipe  system  conveys  water  to  all 
parts  of  the  native  city,  where  it  is  supplied  free  at  all  the 
numerous  public  standards.  A  supply  h  also  furnished  to  the 
cantonments  and  civil  station^  to  the  central  jail,  railway 
station^  and  other  public  buildings,  a&  well  as  to  private  houses 
at  agreed  rates. 

The  total  original  cost  of  the  project  amounted  to  0,91,140 
rupees,  or  ^69^114  at  par  of  exchange.  It  was  arranged 
that  the  money  borrowed  for  the  construction  of  tlje  works 
should  be  repaid  in  a  period  of  twenty-two  yeans,  the  yearly 
instalments  to  be  met  from  the  annual  income  of  tlit*  mimi- 
cipality.  As  actually  carried  out,  the  Jub!>u]pore  waterworks 
are  designed  to  supply  88,423  persons  at  the  nUe  of  15  gallons 
per  head  per  day  of  twenty-four  hours,  or  nearly  59J  millions 
of  cubic  feet  per  annum,  which  is  reckoned,  exclufiive  of  the 
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monsoon,  at  ii80  days.  The  full  capacity  of  the  rt^strvoir  up 
to  the  levf!  of  the  iioniiat  escape-weir  h  SOS  millions  of  cubic 
feel.  The  thickness  of  the  niaitonrv  dam,  moreover,  has  been 
macle  so  as  to  alhiw  an  extra  height  of  5}  feet  being  adiletl 
whenever  it  nmv  l>e<"ome  necessary  to  increase  the  htorage 
cap&c-ity.  By  thus  rnising  the  dain^  additional  watur,  to  the 
amount  of  3f>  tnilliona  of  eiihit"  feet,  eaii  be  stored*  In  estimat- 
ing; the  quantity  available  for  the  wants  of  the  city,  tite  bottom 
10  ft.^'t  in  depth  of  the  reservoir,  which  amounts  to  548,41$ 
cubic  feet,  is  ncglet  tetl,  this  spate  being  left  for  deposit  of  slit, 
A  vertical  deptli  t>f  6  feet,  taken  on  a  mean  area  of  the  stored 
water,  and  amounting  to  about  474  niiHion  cubic  feet,  is  also 
allowed  for  evaporation  and  absorption.  These  volumes  added 
to  the  calcuhited  yearly  draw-oft  from  the  reservoir  of  59 J 
million  cubic  feet,  amount  in  all  to  107^  millions  of  cubic  feet 
of  water.  Tfie  available  annual  How  from  the  catchment  Ivisin 
of  the  reserv4>ir,  calculated  on  the  hiwest  observe*!  rainfatl 
during  a  period  of  tliirty-tive  years,  is  taken  at  119^  millions  of 
cubic  feet,  giving  a  h>west  surplus  volume  of  over  lii  millions. 
In  average  years  the  tjuantitv  available  for  storage  in  of  course 
much  greater,  and  it  is  calculated  that  the  reservoir  will  practi- 
cally store  surtieient  water  to  meet  the  requirements  of  two 
consecutive  seiusons  without  repleni.'>hment. 

The  foregoing  examples  of  town  water-supply  schemes  in 
India,  include  among  them  some  of  the  largest  of  these  under- 
takings which  have  l>een  carried  out  in  that  country;  they 
luive,  however,  been  partly  selected  from  the  large  total  of 

Ech  works,  with  a  special  vit-w  to  illustrate  (listinet  tvjws  and 
rieties  of  canstnictiou^  one  or  otlier  of  which,  merely  modified 
in  Mze  and  detail  according  to  local  necessities  and  conditions, 
will  l]e  ainuist  certainly  found  repeated  in  the  majority  of  the 
retnaiiitng  w<irk«  4>f  this  clawi,  w-liich  of  late  years  have  t)een 
called  into  existence  by  mi  mmiy  inunicipaliticM  tliroughout  the 
country,  hut  whicli  it  will  he  uiuiecessarv  for  the  purjioees  of 
this  volume  to  further  particularise.  The  gnulual  loosening 
of  cjiatte  prejudices,  and  the  growing  jiublic  appreciation  of  the 
practical  benefits  and  advantages  derived  from  a  pure  an<l  un- 
failing water-supply,  is  now  sufficiently  apjf^irent,  and  for  manj 
years  to  conic  the  provision  of  an  adequate  su[>ply  of  whole* 
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some  water  to  the  iowii  populations  of"  India,  must  ev 
be  OIK?  t>f  tlie  chiof  conccnis  of  the  urban  authorities.  Th<it  « 
vast  number  of  such  works  urgi^ntly  will  t\yr  roiistrLiction  doa 
not  require  assertion,  ncvertlielcss  no  inconsidtTuble  pn>grw» 
has  flircftdy  been  niftde.  Besides  the  particular  works  which 
we  have  nrbitmrily  seiectcd  as  iUustrativc  ex^iniples,  water- 
supply  schemes  of  ajnsidemble  importance  have  been  carried 
out  at  Burdwan,  Dacca,  Mhow,  Poona  and  Kirkee^  SaUm, 
Jalgaon,  Maraj,  Pandupur,  Thana,  Kolapur,  SeeundoralMid, 
Bangalore,  Ootucamund,  Wellin^r'ton,  and  Hyderabmt  in  Scindc, 
an  well  as  in  tlie  case  of  a  large  numbei'  of  the  snmller  towns 
tliroiin;hi>ut  the  country. 

Prtjjfcts  for  the  water-supply  of  most  of  the  larger  cities  of 
the  North-west  Provinces — such  as  Lncknow,  Cawnpon*,  tind 
Bennres,  are  either  in  active  construction,  or  under  preparation. 
In  tlie  ease  of  Lucknow,  the  great  necessity  for  introducing  n 
supply  of  pure  drinking-water,  has  occupied  the  serious  atten- 
tion of  the  Government  and  Municipality  for  many  years.  In 
the  year  1881,  a  special  engineer  officer  was  appointed  to 
report  on  the  sul>ject,  and  after  some  discussion  it  w»is  deter^ 
mined  to  sink  an  Artesian  well.  The  linring  waw  commencnl 
in  the  year  1889^  and  by  May  of  the  year  18!X)  had  reached 
depth  of  1336  feet,  at  a  cost  of  m.OOO  rupees  (^300  nt  par 
without  result.  Tiie  boring  was  then  abandoned,  and  it  was 
decided  to  adopt  a  scheme  for  the  supply  of  water  by  punii>- 
ing,  and  the  formal  inauguration  of  this  project— by  the  Lieu- 
tenant-Governor of  the  North-west  Provinces — ^took  place  in 
November  1892- 

The  main  features  of  the  new  Lucknow  water-supply  are,  an 
intake  pumping  station  at  a  spot  above  the  city  on  the  right 
hank  of  Nagaria  Nala:   a  sei'vice-reservoir,  with  setthog- 
tanks,  hltering  beds,  etc*,  and  a  distribution  of  the  tiltcre 
water  through  thirty  three  miles  of  iron  pijjing,  and  iiSl  stand 
posts  in  the  native  city  and  civil  linest,  and  t)irijugh  ninetcei 
miles  of  piping  and  100  standposts  in  the  military  cantonment. 
The  sclieme  is  calculated  to  supply  two  million  gallons  of  pu 
drinking-water  per  diem  to  the  population  of  the  native  cit 
and  civil  lines,  and  200,000  gallons  to  the  cantonmeat;  th 
cfltimated  capital  outlay  amounting  to  15|  lakiis  of  ru 
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(^^155,000)  with  an  annual  expenditure  of  1,40,000  rupees 
(:i*14»0tX>)  in  interest  and  cost  of  maintenance. 

On  November  4th,  1892,  a  water-supply  scheme  for  the 
CJipital  city  of  Delhi,  whidi  was  begun  in  the  year  1890,  was 
formally  opened  for  the  public  service.  A  reservoir  300  feet 
long  and  150  feet  wide  h&s  been  constructed  on  tlie  highest 
part  of  the  famous  ridge,  close  to  the  city,  and  a  supply  of 
ben  gallons  per  liead  per  day  for  a  population  of  173,000 
pmonB  in  the  city,  fort,  and  cantonments  has  been  provided 
for.  In  numerous  other  parts  of  India  water-supply  projects 
are  being  mooted,  or  are  in  active  prosecution,  and  everywhere 
a  practical  recognition  of  the  immense  value  of  this  special 
class  of  public  works,  so  necessary  to  all  real  progress  in 
sanitation  and  civilisation^  can  lie  noted  as  one  of  the  most 
wholesome  and  valuable  products  of  the  amiparatively  recent 
development  and  progress  of  municipal  institutions  in  India. 
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I  pjtroductory  observations — Electric  telegraph  apparaiuft— Varieties  of  signals — 
Origin  of  the  electrii!  telegraph— Outline  of  early  history  of  ihc  inven- 
tion— Statical  electrical  apparatus — Dyniimic  eleciricity— Deflection  of  mag- 
netic Ucedle — Whcalstone  and  Cook— Firet  Idcgraph  hnc  in  England— 
Finl  e^perimenta]  line  in  India — Dr.  0'ShaUfihne}»sy — India  a  pioneer  in 
electric  telc^r^phy — Tiilegraphlc  communication  lietween  Kngland  and 
India — Statistical  details  of  modem  electric  telegraphs  In  Itidia  — Eiilem  of 
the  system — Capital  outlay^Revenue — Number  of  messages— Establish- 
mcDls — Cla^'slfications  and  working — Concluding  obat-Tvaitons, 

OMMUNICATION  hy  means  of  the  elec- 
tric telegraph  is  a  prat^tiaiily  iiidispeni*- 
able  ailjuiK't  to  the  effectual  and  safe 
workijit;  of  railways,  and  it  was  princi- 
pally, ill  rapid  corres|Xiiideiice  witli  c'iii*\y 
railway  uecessitieB,  that  tliis  exceedingly 
useful  iiiverition  asijumed  a  practical  and 
%\orkabie  shape.  In  every  civilised  country  in  the  world,  the 
electric  telegraph  \%  now  so  common  and  familiar  an  aj^ent* 
iitid  its  use,  and  nunibcrkss  public  and  private  coiiveniencea,^ — 
aitogether  apart  from  railway  service— forms  so  integral  a  part 
of  all  civilised  life  in  modern  tiines^  that  it  has  become  difficult 
to  realihe  that  its  practical  use  extends  only  over  a  single  half 
century.  It  is  unnecessary  here  to  enter  into  any  detailed 
description  of  the  essential  principles  of  an  invention  so  well 
known,  and  in  its  iimtn  features  so  familiar  to  every  section  of 
the  comimmity.  It  will  sufHcc  to  say  that,  proceeding  upon 
tile  principle  that  an  electro-magnetic  current  can  pass  along 
a  conducting  wire  to  a  great  distance,  and  can  be  made  to 
move  a  magnetic  needle  at  any  point  of  its  course — signals — 
irding  to  any  established  code,  can  be  readily  conveyed, 
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with  almost  incredible  speed  from  one  end  of  a  wire  to  another; 
the  signals  being  sufficiently  varied  to  express  letters  of  tbe 
alphabet  and  the  ten  numerals,  or  particular  combinations  of 
letters,  words,  or  phrases,  so  that  communications  can  be 
made  at  any  one  place,  and  can  be  read  off  at  another,  even 
although  many  hundreds  of  miles  apart. 

The  apparatus  of  an  ordinary  aerial  electric  tel^raph  con- 
sists of  a  line  of  conducting  wire,  or  wires,  of  galvanised  iron, 
suspended  on  earthenware  tubes  or  'insulators,^  carried  on 
poles  which  are  spaced  at  certain  distances  apart  from  station 
to  station.  A  single  wire  will  serve  for  one  circle  of  the 
electric  current ;  it  being  found  that  tlie  earth  itself  is  a  con- 
ductor, so  that  if  a  current  pass  along  a  wire  above  ground,  it 
will  return  through  the  earth,  provided  the  wire  at  each  end  is 
carried  into  the  ground,  and  is  attached  to  a  mass  of  buried 
metal.  Each  aerial  wire  will  therefore  form  a  circuit,  and 
carry  a  distinct  set  of  signals.  The  electric  current  is  generated 
and  is  maintained  by  the  use  of  galvanic  batteries,— of  which 
several  forms  are  employed, — the  strength  of  which  requires  to 
be  proportionate  to  the  distance  between  the  extreme  stations. 
Many  varieties  in  the  kinds  of  signals,  and  in  the  methods  bj 
which  they  are  produced,  have  also  from  time  to  time  been 
introduced,  and  the  rate  of  transmission  of  messages  has  been 
greatly  increased. 

It  is  hardly  possible  to  assign  to  any  one  person  the  merit  of 
originating  this  very  valuable  invention.  Like  many  others  of 
like  importance,  it  has  been  perfected  by  degrees  from  small 
l)eginnings,  and  a  considerable  number  of  scientific  men  and 
practical  workers  are  each  entitled  to  their  due  share  of  merit. 
The  following  brief  risumi  of  the  early  history  of  the  electric 
telegraph,  abbreviated  almost  entirely  from  an  interesting  and 
valuable  paper  read  l>efore  the  Institution  of  Civil  Engineers 
on  March  2nd,  1852  (vol.  xi.  of  Proceedings)^  will  convey  a 
sufficiently  clear  idea  of  the  early  steps  by  which  tbe  in&nt 
electric  telegraph  arrived  at  practical  maturity. 

The  electric  telegraph  has  its  origin  in  the  combination  of 
three  separate  yet  correlative  physical  forces,  viz.,  electricity, 
galvanism,  and  magnetism.  Its  history  is  divisible  into  two 
distinct  eras ;  the  first  era  comprises  all  telegraphs  in  which 
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iftcUkal  eiectricity  (or  electricity  produced  by  friction)  was  the 
exciting  agent,  tlie  second  era  comprehends  all  telegraphs  in 
which  dynamic  electrieity  (or  electricity  produced  hy  chemical 
affinity)  is  the  acting  principle.  The  employment  of  magnetism 
for  telegraphic  purpose*  appears  to  have  been  thought  of  as 
early  as  the  sixteenth  eeutiiry.  The  Jesuit  *  Fantianus  Strada/ 
proft^sor  of  rhetoric  at  Home,  states  iti  liis  Prohmoutu  Jtadt- 
micw^  published  in  the  year  1617^  tiiat  Cardinal  Bembo,  who 
died  in  Rome  in  154f7,  wa^  possessed  of  a  plan  for  corrt»spouding 
at  ioiig  diiitanceii  by  magnetic  electricitj',  Lc^  by  the  *  occult 
sympaihif'*  of  two  needles — a  notion  said  to  be  alluded  to  by 
Galileo,  and  aUo  hy  Sir  Thomas  Browne.  In  1774  Ltfsage,  at 
Cxenevu,  constructed  an  electric  telegraph,  coni})osed  of  twenty* 
four  wires,  between  two  rooms.  On  exciting  an  electric  machine 
and  jt»ining  it  to  one  of  ttte  wires,  the  pith  ball  of  an  electro- 
meter belonging  to  it  wa^s  repealled,  and  tlie  motion  ,sfgniH<ed  a 
letter  of  the  alphabet.  This  invention  was  submitted  to  Frederic 
the  Great^  but  was  never  carried  into  execution. 

Ill  1 787,  Lomond  improved  upon  Lesage^s  plan  and  reduced  his 
twenty-four  wires  to  one,  and  various  other  modifications  were 
madt^  down  to  the  year  I8S6.  Amongst  other  inventors,  about 
the  year  1819  a  Mr.  llonaid,  of  Hammersmith,  is  f^tated  to  have 
apphed  electricity  for  tlie  purpose  of  etfeeting  telegraphic  com- 
munication, and  succeeded  so  far  as  to  complete  a  citrmit 
through  eight  miles  of  wire.  In  18SG  the  iirst  registering  tele- 
graph is  said  to  liave  been  constructed  by  Mr.  H.  G.  Dyar,  of 
Long  Island,  in  America.  He  '  used  the  decttmposing  power  of  a 
sparky  acting  upon  a  Hllet  of  pa})er  moiiitened  and  stained  with 
litmus,  and  moved  hy  han<l,  or  by  clockwork.  The  passage  of 
each  spark  from  a  conductor  to  the  paper  produced  a  diacolora- 
tion,  and  by  the  different  combinations  of  marks  thus  made  any 
signal  could  be  transmitted  anil  registered/  Tliis  is  the  main 
principle  of  one  of  the  subsequent  printing  telegraphs.  So  far, 
jrfrfi^k'tf/ or  frictional  clectricitv  had  been  the  agent  employed, 
but  from  about  the  year  1800,  when  Volta  made  his  celebrated 
dificoverv  of  the  pile  now  liearing  his  name,  the  dynamic  era  of 
telegraphy  may  be  said  to  have  commenced.  The  distinguishing 
characteristic  of  the  new  voltaic  current  was,  tluit  it  flowed  in 
a  continuous  strean],  instead  of  in  sudden  flashes  or  gushes,  &nd 
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the  mincU  of  inventors  were  directed  into  n  new  channeL  I 
the  year  1811^  Sommering — who  appears  to  have  made  the  fi 
elcctro-dvnftiiiic  tolegraph — deserilied  Wfore  tlie  Acadeniv  i 
Sciences  at  Munich  liis  jilun  of  a  telegraphy  haAed  on  einpio^i 
as  the  means  of  indication  the  decomposition  of  water  by 
battery.    He  used  35  wires,  which  srgriitied  the  i25  I- 
the  alphabet  and  the  ten  numerals.  Soon  afterwards  > 
suggested  several  iniportatit  improvemcTits  in  Sbmmering*a  d 
vice,  and  proposed  ii  considerftblc  diminution  in  the  number  o 
signals,  by  employing  two  batteries  of  diHerent  powers,  neid 
reduced  the  number  of  wires  to  two,    Alwiit  the  Moae  til 
also.  Professor  Coxc,  of  Philadelphia,  devoted  much  time  t 
the  subject,  and  confidently  preilicted  the  future  success  of  th 
electric  telei^raph. 

In  the  year  1819  a  great  impetus  was  given  to  the  science  n 
clcctro^miignetism  by  Professor  Oersted,  who  discovered  thit 
when  a  magnetic  needle  was  placed  above  or  below  a  wire,  an 
a  current  was  passed  through  the  latter,  the  needle  hod 
tendency  to   place  itself  ut   right  angles  to  the  current. 
Schweiger  soon  after  improved  on  tliis  discovery,  ami  fuuud 
that  by  taking  a  silk  covered  copper  wire,  and  coiling  it  roun 
several  timeSj  the  deflections  of  a  magnetic  needle  suspend 
about  it  became  extremely  sensible.    Fcehner  conceived  Ih 
idea  of  adapting  Oersted  s  discovery  to  telegraphic  pu 
hut  was  forestalled  by  Ampere^  who,  on  the  iJd  October  1 
read  before  the  Academy  of  Sciences  a  description  of 
electric  telegraph  on  this  principle*    About  this  period,  An^ 
observed  the  magnetic  properties  of  the  electric  current,  a" 
discovered  the  attractive  power  of  soft  iron*  while  Sturgeon,  i 
1825,  constructed  the  electro-magnet,  and  noticed  tht  incr^^ 
power  to  be  obtained  from  it.    It  is  stated  that  Baron  6 
Schilling  of  St.  Petersburg^  about  the  year  18!JS  or  1K33,  ant- 
strutted    an  electric  telegraph  consisting  of  five  magiietic 
needles  placed  in  the  centre  of  coils  or  multipliers,  and  set  i 
motion  by  keys. 

The  main  elements  of  the  electric  telegraph  were  thus  com* 
plete, nothing  was  wanted  but  a  mastermind^  or  minds,  to  com* 
bine  the  discoveries  made,  and  mould  them  into  practical 
workable  shape.    In  the  annals  of  the  year  1837  four  nam 
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fltand  prc-omincnt  a*;  claimants  fop  the  Knnoiir  of  inventing; 
Joiig-disUiicc  tclegraphv,  viz,,  WljeHUtone.j  Alexander,  Steinliejl, 
and  Morsp.  There  appears  to  be  no  doubt  of  Wheatatoncs 
priority,  whose  discovery  was  anuounce<i  in  tlif  Ma^nzhtc  of 
UsefitiSikmr  on  Ist  March  IHiiT,  On  the  12th  Juiu-  of  the 
s&me  year,  Messni.  VVheatstone  and  Cooke  sealed  their  Hr*t 
patent  'for  inipmvenients  in  giving  signals,  iind  sounding 
alarmB  in  distant  ptaceA  by  means  of  electric  currents  trans- 
mitted through  metallic  circuits.'  The  tive  needle*  nt  first 
used  were  Hoon  afterwards  reduced  to  two,  and  numerous  other 
patents  were  tnken  out  by  the  same  gentlemen.  In  July  of 
18ST,  M.  8teinheil  of  Munich  made  an  electrie  telegraph  con- 
futing uf  magnetic  needles  and  coils  of  very  fine  insuliite<l 
Rbpper  wire.  Signals  were  obtained  by  the  action  of  a  magneto- 
electric  machine,  ami  he  employed  the  earth  to  complete  the 
circuit,  but  the  apparatus  wa.^  of  a  very  complicated  nature, 

IVofossor  Morse  in  America  (one  of  the  great  names  of 
electric  telegraphy)  also  patented  in  the  same  year  on  elcctrti- 
magnetic  registering  telegraph,  employing  only  one  wire,  aiul 
consisting  of  an  electrn-magnet,  the  eoileii  wire  of  which  forms 
the  continuation  of  the  line  wire.  The  armature  of  tin's 
magnet  was  attached  to  the  end  ofaj^niall  lever  CArr\*ing  a 
ftteel  point  at  its  opposite  extremity.  Under  this  point  wh«  a 
roll  of  pjLper  set  in  m*>tion  bv  the  aid  of  wheelwork.  When 
a  current  wo*  transmitted,  the  magnet  attracted  the  armature^ 
which  cauHed  the  pen  to  press  against  the  prt|M'r  Thi* 
principle  has  developed  into  the  ^rell-known  MorsiL'  n.'gistering 
telegraph.  If  tlje  contact  is  mpidlv  made  and  broken  bv  the 
fing<cr-key,  sintple  dots  only  are  made  on  the  |wi|kt.  If  tl*e 
circuit  is  kept  closed  for  some  time,  the  pen  or  style  traces  n 
line  proportionate  in  length  to  the  time  the  circuit  inclosed. 
If  no  current  is  transmitted  for  some  time  the  paper  expOM  a 
blank  surface,  and  tlie  combination  uf  tbcj^e  dots,  linca,  and 
blank  spaces,  forms  a  symbolic  alphabet. 

The  original  system  of  signals  employed  by  Me*»ra.  Wheat- 
stone  and  Cooke.  conMstrd  tif  a  diaU  w  hieh  various  tfymiK)!*^ 
were  depicted,  to  which  the  needles — defl<*cted  by  the  current — 
were  mode  to  point.  The  first  telegraphic  line  in  Englajid 
upon  Wheatatone's  plan  was  erected  tn  the  year  1889,  between 
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London  and  Slough,  on  tlie  Great  WVstt'ni  Railway,  a  dislancv 
of  18  m\\vii.  Ill  the  Journal  of  the  A,\iatir  SocUty  of  Bcjtgdy 
for  Scptembvr  is  a  very  intercstinji  nccount  of  Dr. 

trshaiighuessy,  F.R.S, — afttfrwTirils  Sir  Williuni  Brooke 

n'Shaughnessy — of  a  serifs  of  results  obtained  in  April  an' 
May  1859*  on  a  line  of  wires  SI  mileK  in  lenpjth  cou'itrud 
hy         in  the  vicinity  t>f  Calciittji,  suspended  on  banil>c>n  |ji»lt> 
In  that  pfiper,  the  one-wire  system,  the  earth  circuit,  the  uf 
of  the  iufiui'tion  nmdiine,  and  the  tniverbinw  of  ri\'or»  hy  meaM 
of  insulated  w  iros,  were  prominently  set  forth^  and  at'curntriy 
described,  and  the  ini])ortance  of  the  introduction  of  tht*  eL 
tek'grnpfi  hito  India  was  strongly  urged.    Tins  appears  ui 
d(Hibtetily  to  have  btvn  the  first  l^^n^  line  of  telegraph  evrf 
eonstructt'tl  in  any  country^    Interestiiijj:  details  relating  li»  \h 
eonstruction  of  tiiifi  line  of  telegraph — which  pn'sonts  an  im- 
portant if  not  (solitary  instaiu'e^  of  the  prattit-ability  nn  a  largr 
scale  of  a  great  invention  being  first  demonstrated  on  Indinit 
isoil — will  be  found  in  the  Preface  to  Th^  Kkctrtc  TeUgrapk 
in  Bnthh  Ind'ta,  by  W.  B.  O'Simughnessy,  M.D.,  1\R.S.. 
Snrgeon,  l^engal  Army*  Chief  Sujjerinlendent  of  Tclegrapliss  lo 
the  Honble.  East  India  Company,  London.    Printed  by  onler 
of  the  Court  of  Directors,  1K5;J,  from  which  the  following  i.-^ 
quoted.     *In  April  and  May  1839,  the  first  long  line  af 
telegraph  ever  constructed  in  any  country  was  erected  by  tht 
writer  of  these  pages  in  the  vicinity  of  Calcutta,    The  linewai 
21  miles  in  length,  embracing  7000  feet  of  river  circuit,  llta 
experiments  perfornved  on  this  line  removed  all  reajtonable 
doubts  regarding  the  practicability  of  working  electric  telegrapla 
through  eiionnous  distances,  a  question  then,  and  for  thrc 
years  hiter,  disputed  by  high  authorities,  and  regarded  generall 
with  contemptuous  scepticism.    It  is  never  too  late  to  ackno 
ledge  an  obligation.     In  the  experiments  then  carried  on 
received  the  warm  aid  and  support  of  Dr.  Wallicb,  then  Supe 
intendent  of  the  Botanic  Gardens,  Calcutta,  now  Vice-Freside 
of  the  Royal  Sotiety,  London.    One  tunninus  of  the  line  w 
placed  in  his  house,  and  all  the  resources  of  his  estabbtth 
ment  and  library  were  held  at  my  diftpoaaL   He  saw  at  a  glai 
tlie  marvelltuis  future  which  these  and  simultaneous  ex 
ments  in  other  countries  foretold,  and  with  his  high  fian 
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protectvil  tfie  experimentalist  from  much  uf  the  derisiou  which 
hi»  attoinptsj  excited  in  tlie  community  of  Calcutta.  The 
vx[>rriincTits  Imvitig  been  completed,  and  the  results  publishetl,^ 
the  line  was  taken  down/ 

It  will  thus  \ye  .seen  ttmt  India  ha«  been  a  pioneer  in  electric 
tel^raph  development.  Dr.  William  Brooke  (JShauglinessy 
was  afterwards  intrusted  with  the  iii*st  public  lines  of  telegi'ttph 
laid  down  in  that  country.  Under  his  direction  working  lines 
of  teloffruph  were  rapidily  established  over  the  whole  of  Hin* 
du&tan,  the  first  line  constructtvi  being  one  iiO  niiks  in  len^h 
between  Calcutta  and  Diamond  Harbour,  opened  in  December 
1851.  By  the  year  1858,  all  the  seats  of  Government  were 
connected  by  wires  aggregating  3000  U>  4000  miles  in  leugth^ 
and  additional  telegraphic  lines — at  least  equal  in  extent — ^were 
in  course  of  const  nietion. 

By  llie  year  1872,  every  imp>rtant  place  in  India  was  con- 
nected by  telegraph,  which  wa^  also  in  working  order  along  the 
whole  537'3  miles  of  railway  then  opened.  TFiree  alteniative 
lines  of  cable  telegraph  aUo  connected  the  great  dependency 
with  England.  A  complete  system  of  telegraphic  communica- 
tion l>etween  India  and  Kurop^i  vta  Turkey,  *  was  planned  and 
carried  out  by  the  late  Lieut.-Colonel  Patrick  Stewart  of  tJie 
Bengal  Engineers*  on  the  failure,  a  few  days  after  completion, 
of  the  original  cable  laid  from  Suez  to  Bombay  in  18i57 ;  capital 
for  which  had  been  raised  by  a  company  on  a  twedty-live  year 
guarantee  from  the  Government  of  India.  Colonel  Stewart 
did  not,  howrver,  survive  to  see  the  successful  residt  of  his 
labours.  He  died  at  Constantinople  in  January  18<)5,  frtmi  the 
effects  of  exfMsure  and  over*e\ertion^  a  very  short  time  before 
tlie  lines  were  formally  opcnetl.'* 

This  Turkish  line  retnained  the  principal  means  nf  tctegraplur 
communication  with  India  until  the  year  1870,  when  a  new  era 
dawned  on  the  history  of  Eastern  telegraphv^  Almost  nmul- 
tanrously  v\itlt  thf  sucee?>sful  laying  of  the  new  He<l  St-a  cable, 
the  Indo-European  Telegraph  Company's*  line  wiis  opened  to 
Trheran,  and  was  carried  to  London  by  way  of  Tiflis,  VVarsjiw, 
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and  Berlin.  The  Anglo-Persian  line  from  Teheran  to  Busbire 
Imd  previously  been  much  improved,  and  ft  second  wire  erectiiL 
An  alternative  cable  had  also  been  laid  from  Bushirc  to  Cape 
Jask,  whence  it  was  continued  by  land  wires  to  Guiulur^  and 
the  Turkish  Government,  stimulated  by  the  com|K'tition,  took 
steps  to  improve  the  older  service.  Between  Lbe  yeairs  ISBt 
and  1872,  the  Indian  Government  expended  upward*  of 
PI, 150,000  on  telegraphic  eomniunication  with  Kurope,  ia 
addition  to  a  sum  of  i'18,000  annually — t>r  half  the  guarantee 
on  the  original  Red  Sea  cable.  By  the  various  routes  now 
open,  the  English  and  Indian  public  enjoy  the  utmost  faciliti« 
fur  the  rapid  trangmiasion  of  intelligence  from  the  one  country 
to  the  other. 

The  length  of  inland  telegraph  lines  opened  in  India  undfr  tlie 
administration  of  llie  Indian  Government  Telegraph  Depart- 
ment, rcacheti,  at  the  end  of  the  year  1891-92,  the  great  total 
of  38,625  miles,  and  the  capital  outlay  on  these  lines — deduct- 
ing receipts  on  capital  account — reached  5S1, 8^,804  rupeea,  nr 
Hj[.'5fSl8,380  at  par  of  exchange*     The  aggregate  numlwr  uf 
telegraph  offices  throughout  the  country  open  for  the  dcspatcli 
of  paid  telegrams  at  the  end  of  the  same  year,  was  KMJl  dejjarl- 
mental  and  po&tal  offices,  and  2245  offices  on  railways  and 
canals,  or  3S4fi  offices  in  all.    Some  of  the  more  interesting 
^tattstic^  of  the  Indian  system  of  electric  telegraphs,  during  the 
last  year  for  which  the  information  is  available,  viz*,  the  ofHctal 
year  1891-952,  are  as  follows.    The  capital  expenditure  durinj; 
the  year  was  Hs.l9,4f2,liJ8,  of  which  Rs. 15,47,55^:)  were  expeiulwl 
on  new  lines.    The  working  expenses  were  Rs.48,34,S2D5,  whikt 
the  revenue  derivt^d  frona  all  S4>urces  reached    a  tot^il 
Us.74,fiO,092,  leaving  a  surplus  of  Ks.i25,95,797,  representing  a 
dividend  of  4  97  per  cent  on  the  capital  account.   If,  however 
the  charges  for  State  messages,  and  'news  free*^  and  *»ther 
forma  revenue  be  deducted^  the  net  receipts  hy  Govenimen 
equalled  Rs.  10,43,697,  representing  a  net  return  of  2  per  cen"^ 
as  compared  with  0*^7  per  cent  nine  years  earlier,  and  S2'l~ 
per  cent,  in  the  maximum  year  1889-90.    The  revenue  reoeip 
on  account  of  State  messages  may,  however,  be  legitimate! 
included  in  estimating  the  return  on  eapit^d  outlay— iv'  1    '  t 
these,  tJierefore,  but  deducting  the  *news  free,"  and  oi  :     ^,  j 
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forma  revenue^  amounting  to  Rs,  49,807  only^  the  net  receipts^ 
were  equivulent  ta  4  85  per  cent,  on  tiie  capital  expenditure. 

Diiring  the  year  1891-92,  3,808,998  messages  were  booked 
in  the  Telegraph  Offices  of  the  Department,  to  the  value  of 
Rs,  56,82,729-  Of  these,  3,140,690  were  private  inland  or 
foreign  nu's^iages  (the  number  of  private  inland  messages  alont* 
bring  2,(iii7,40S).  As  compared  with  the  previous  year,  this 
represents  an  increase  of  £6^,380  in  number,  aiid  Rs.  S,4ii,140 
in  value,  ef|uivalent  to  llOO  and  9"87  per  cent  respectively. 
During  the  last  ten  years  tlie  number  of  private  messages  hoA 
increa^seil  by  about  120  per  cent.,  and  their  value  by  nearly 
100  per  cent.,  and  in  the  same  period  the  number  of  tele- 
graphic offices  has  increased  2187  per  cent*  TJiese  figurett 
sIk>w  how  <rrcfttly  the  use  of  the  telegraph  is  appreciated,  and 
how  rapitily  it  is  extending  among  the  people  of  India. 

At  the  end  of  the  yf^ar  1891-9S,  the  strength  of  the 
rignailing  e?«tabiishments  of  the  Indian  Telegraph  Department 
lunounted  to  284S  persons,  of  whom  1550  wei-e  departmental 
t>fficer8,  357  were  Briti^^h  military  signallers,  and  935  were 
pojstal  clerks.  Over  the  enormous  total  of  telej^rams  trans- 
nitted  and  received  during  the  y^*vr,  the  niimlwr  of  complaint* 
nm<le  was  1045,  or  0*025  per  cent.of  thetobi!  numlier  of  mesMigeB. 
Of  these  alK5ut  one-half,  or  542,  were  admitted.  Tlie  numlier 
l>f  telegrams  that  from  various  causes  could  not  be  delivenjd 
Muounted  to  13,899,  equal  to  0-308  of  the  whole  number  re- 
ci»ive(i  for  transmission,  the  latter  tigures  illustrating  a  peculiar 
>}uise  of  Indian  civili&fition. 

Inland  telegrams  in  India  are  classified  under  three  nrnin 
heads,  vi?..,  *SUite,*  *  Private,*  and  *  Tress';  and  under  eficli  of 
ihemi  bead»  the  mcssagcH  ai-e  sub-cla^siHed  as  *  Urgent,'  *  Ordi- 
nary,' ami  ''Deferred,*  subject  to  a  decrea&ing  scale  of  charge 
ill  the  iirder  nmnetl.  'Urgent'  telegrams  take  prc«*dcncc  of 
iJl  others  ;  '  Ordinary  '  telegrams  are  forwartled  next  in  order, 
uid  *  Deferred  ^  messages  are  a  cheap  cIms  of  telegram  trans- 
mitted onwards  wlienever  the  wjrt-s  are  clear  of  urgent  and 
mdioary  traffic.  The  year  1891-9!^  is  the  detennial  year  of 
Jic  existing  Larifl'  with  these  clanses  r  it  will  be  intorefitin^i 
therefore,  to  note  in  the  case  of  pnvafr  telegrams,  the  relative 
jopular  appreciation  of  the  three  kind^  of  message.  During 
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the  ten  yean,  Urgent  telegrams  have  increased  in  value  by  9C 

per  cent..  Ordinary  telegrams  by  69'1  per  cent  (sharing  the 
fate  of  almost  every  second  class)  and  deferred  telegrams  bj 
S47'3  per  cent.  The  latter  cheap  form  of  message,  in  fiut, 
amply  satisfies  the  needs  of  all  the  less  important  concerns  in 
business  and  domestic  life,  and  its  greater  relative  use  may  be 
expected  to  steadily  continue.  In  the  *  State  ^  and  'Press' 
class,  the  percentage  of  deferred  telegrams  during  the  year 
1891-92  is  even  higher  than  in  the  case  of  private  messages. 

The  net  additions  to  the  system  maintained  by  the  Indian 
Telegraph  Department  during  the  year  were  1655  miles  of 
line,  6647  miles  of  wire^  and  about  9,  miles  of  cable.  The 
total  mileage  of  wire  on  the  38,6^  miles  of  open  lines  was 
120,159  miles  (or  sufficient  to  go  more  than  five  times  round 
the  circumference  of  the  earth),  of  which  40,999  miles  were  in 
connection  with  the  railway  system,  76,819  miles  belonged  to 
imperial  lines,  and  only  S88  miles  were  maintained  for  native 
States ;  the  remaining  mileage  being  classed  under  private  or 
provincial  lines,  or  maintained  in  connection  with  canal 
systems. 

Among  the  more  important  of  the  electrical  improvements 
recently  subject  to  careful  experiment  in  India,  are  the  use  of 
*dry '  batteries  to  test  their  suitability  under  the  varying  and 
trying  cotiditions  of  the  Indian  climate.  The  experiments 
witii  tiiis  form  of  battery  have  been  attended  with  a  promising 
degree  of  success,  its  chief  merit  being  that  it  requires  no 
maintenance.  The  application  and  extension  of  the  system  of 
duplex  and  quadruplex  telegrapliy  over  unusually  long  dis- 
tances, lias  also  made  considerable  progress,  and  the  practic- 
ability of  working  duplex  direct  through  an  iron  wire  between 
Calcutta  and  Bombay,  a  distance  of  1346  miles  has  been 
proved. 
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F  all  the  many  neceaaitiea  for  the 
ciirryirii;  out  of  a,  great  export  and 
impurt  trade  in  any  cuuiitry,  necurc 
Imrtioitrs,  liberally  provided  witli 
suitable  accpsfior!t-*s,  whether  for  the 
safety  and  guidance  uf  ocean-gt>ing 
vessels  entering  or  leaving  them,  or 
dry  and  wet  docks  for  eleitning  and 
repairing,  or  for  the  rapid  and  eon- 
venient  loading  and  unloatling  of  their  cargoes,  iii-e  as  iitiport- 
ant  ah  impntvwl  internal  i^oniinuiiieations ;  harlM»urs  and  di>ck$ 
i>eing,  in  fatt,  the  great  transfer  stations  of  outwards  and 
inwards  traffic  from  sea  to  land  carriage,  nr  vkr  z^rrjta,  on  the 
road  to  the  final  de-;lination  of  the  nierehandi>c.  It  is  necew- 
^uj*y^  therefore,  in  thts  coiieUiding  m.*ction  tf)  indicate  the  main 
fcntnres  of  !k)me  of  the  chief  sea  and  harbour  works  earriixl  out 
on  the  ctpa-stj*  of  India,  although  the  space  available  »-ill  only 
adDiit  a  brief  reference  to  the  more  important  cxan>pli^>. 


508  PUBLIC  WORKS  OF  INDIA 

Important  as  harbour  accommodation  really  is  as  a  link  in 
the  chain  of  inter-communication  between  India  and  the  outer 
world,  the  ports,  harbours,  and  anchorages  of  the  Indian  coasts 
are  singularly  few  in  number,  and  have,  moreover,  until  com- 
paratively recent  years,  received  a  far  smaller  degree  of  atten- 
tion than  has  been  so  largely  devoted  to  the  internal  com- 
munications of  the  country.  Much,  however,  has  been  done, 
not  only  in  the  matter  of  surveys,  and  thorough  scientific 
investigation  into  the  capabilities  of  all  those  places  presenting 
the  most  promising  features  for  the  construction  of  artificial 
harbours, — whether  as  commercial  ports,  or  as  harbours  of 
refuge,  and  in  the  gradual  improvement  of  many  of  them,  but 
also  in  the  development  on  an  extensive  scale  of  the  more 
important  of  these  places  by  means  of  heavy  and  costly  works. 
It  is  to  these  latter  only — ^where  works  of  especial  consequence 
have  been  undertaken — that  we  can  here  refer. 

Unlike  most  of  the  other  great  peninsulse  of  the  world, 
India,  although  possessing  upwards  of  3600  miles  of  coast  line, 
is  remarkably  destitute  of  natural  harbours  affording  accom- 
modation and  security  to  large  ships.  This  disadvantage  is, 
moreover,  augmented  by  the  circumstance  that  at  certain 
seasons  of  the  year  the  neighbouring  seas  are  peculiarly  liable 
to  furious  tempests  and  cyclones,  of  exceptional  severity. 
Along  the  whole  eastern  coast  of  the  peninsula — facing  the 
Bay  of  Bengal,  from  the  head  of  the  bay  to  Cape  Comorin, 
absolutely  no  really  commodious  natural  harbour  exists, 
although  at  a  few  places,  greater  or  less  facilities  for  the  im- 
provement of  natural  features,  and  the  formation  of  artificial 
harbours  are  to  be  found.  The  Presidency  city  of  Madras,  the 
most  important  centre  on  this  wide  stretch  of  coast,  lies  on  an 
exposed  and  open  roadstead,  and,  until  quite  recent  years,  has 
possessed  no  accommodation  or  protection  whatever  for  ship- 
ping. 

At  the  head  of  the  Bay  of  Bengal — in  the  Gangetic  Delta, 
the  port  of  Calcutta  is  situated  100  miles  inland,  on  one  of 
the  mouths  of  the  Ganges  called  the  Hooghly,  through  which 
the  navigation  is  tortuous  and  difficult,  and  affords  a  certain 
degree  of  accommodation  for  large  ships.  The  port  of 
Colombo,  on  the  west  coast  of  the  island  of  Ceylon,  has  been 
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vastly  improved  of  late  yi'&^ts;  Ceylon,  however^  bein;^  a  Crown 
colony,  is  outside  the  limits  of  this  volume.  On  the  western 
cotut  uf  the  peninsula — facing  the  Arabian  Sea,  the  two  prin- 
cipal commercial  harUoiirs  are  Bomlmy, — taking  rank  as  the 
firat  and  nmst  important  natural  harlK>ur  in  Itidia — and 
^|Kfirachi»  situated  not  far  from  the  months  of  tlie  Inilns;  the 
HapabilitieK  of  wtiiili  plac**  are  only  of  a  minitrate  kind.  On 
thi.<  coast  also*  the  small  natural  harliour  of  Karwar— the  yiort 
for  North  C'anara  and  the  cotton  districts  of  Dhiirwar»  aftord* 
Mnue  de^i\*e  of  protection^  and  has  been  artiiidally  im|iroved, 
Alon^  the  whole  seaboard  of  India  small  ^aport^s,  chieHy 
situated  in  tUv  nnjoths  or  estuaries  of  the  principal  river*.,  are 
very  numerous,  and  are  largely  used  by  native  and  Jilti^liah- 
coaAtin^  craft.  Moat  of  these  liave  from  time  to  time  received 
attention  in  the  way  of  dredfririg  and  deepening  their  availahU' 
area»,  or  have  been  protected  by  tlie  provi>^ion  of  groynes  or 
small  breakwaters*  Many  have  been  provideil  with  wliarves, 
quavi^t  or  Lnuiing-plers  (as  at  Calicut) — for  Hie  cotivenieoce  of 
the  lihippini^,  wo  that  the  aggregate  ami>unt  l>oth  of  work  and 
expenditure,  from  local  or  imperial  fundn,  on  the  improvement 
of  the  smaller  porta  along  tlie  Indian  coasts,  mufvt  be  very 
considcrahle ;  a  few  of  tliL*  snsidler  ports^  such,  for  instance,  as 
Malkg^df»re,  are  said  to  be  cajjable  of  great  in}f>roven)ent,  aiid 
ill  at  least  two  cases,  vi^.^  the  backwjiter  uf  t\K  hin  on  tlte  west, 
and  the  sti-called  ^Uhickwoods'  Harbour  on  tlie  east  coast, 
natural  facilities  appt^ar  to  exist  for  the  formation  of  a«?ni5- 
artilicinl  harbours  of  Mome  considerable  impfirlance  :  Cochin 
haii,  in  fact,  been  reported  of  as  capable  of  being  mmlc  one  of 
the  hnest  closi'  harbours  in  India,  when  it  miglit  become  the 
outlet  for  the  wfioir  trade  of  the  Southern  Peninsuhi, 

Bondiity,  the  western  sea-gate  of  India,  and  bv  far  the  best 
natunU  harbour  in  the  country,  was  for  a  long  ptriod  destitute 
of  anv  tmitatde  accommotlation  to  enable  ^^liip^  to  load  and 
onlnad  ahmgsidc  qua^s  or  wharvt-s.  Vnun  ahout  the  year 
1855,  coiifiiiderahle  improvements  were  initiated  in  hno^ing 
Jigliting  the  entrance-ehannel.  The  long  split  of  land 
the  'prongs/  running  out  from  Colaba— which  for  many 
yearn  wan  a  fruitful  source  of  danger  to  ahip»  owing  to  the 
original  lighthouse  Ixaving  been  built  on  Colaba  Inland,  too  far 
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inland  from  tlic  point  of  dan^T,  was  protected  by  a  new  light- 
house, erected  at  great  expense  IJ  miles  farther  out  to  sea. 
The  old  Govenimeiit  df»cky«rd  ojid  <Iockti  at  Bombay  won* 
suppleiuetiletl  by  a  fine  di'V  dork  at  Mn/jigon  for  the  IVntnaula 
and  Oriental  Company's  steamers,  on  ground  reclaimetl  fr<iiii 
the  sea  on  the  eastern  wide  of  Bombay  Island.  This  doek  was 
constructed  582  feet  hnig  inside  gates,  5tjJ  feet  wide  at 
bottom^  79  feet  wide  at  top,  and  feet  flt*ep,  but  npproadi- 
able  only  by  large  vessels  at  spring-tideK.  The  increasing  ni*ed 
of  wet'dock  accinnmodation  at  Bondiay  gradually  led  \o  the 
construction  of  extensive  works  of  this  eliaraeter,  tni  the  site 
known  as  tlie  Elphinstone  Estate,  which  M'as  reclaimed  from 
the  »ea  by  the  Elpliinstone  Lund  anJ  Dock  Conipiuy,  ami 
dock  construction  at  this  port  has  greatly  extended,  8o  as  in 
great  measure  to  keep  pace  with  the  growing  necessities  of  tin- 
sea-borne  trade. 

The  harbour  of  Karachi^  situated  near  the  mouths  of  the 
Indus,  and  slightly  nearer  in  a  direct  line  to  the  entrance  of 
the  Red  Sea  at  Aden,  than  is  Bombay,  is  the  port  of  Sdnde, 
and — ^through  the  Indus  river  nnd  valley  railway — of  the  whole 
Punjab.  It  thus  occupies  a  very  importiint  position,  and  hfw 
now  for  some  time  enjoyed  a  large  and  growing  prosperity. 
The  harbour,  which  in  point  of  accommodation  can  never 
seriously  rival  Bombay,  is  essentially  a  backwater,  having  an 
area  at  high  tides  of  15  to  18  square  miles;  but  a  very  con- 
siderable portion  of  this  is  only  very  lightly  covered  by  the 
tidal  flow,  Tlie  range  of  the  tide  is  rather  over  7  feet  at  main 
springs,  and  sometimes  10  or  12  feet  at  extraor<iinary  springs. 
The  western  half  of  the  harbour  is  forinctl  by  a  long  narrow 
strip  of  sand,  ending  in  a  rocky  pr<nnontiiry  at  Manora  Pointt 
and  the  eastern  side  is  fonncil  by  the  low  sandy  island  of 
Keamari.  The  main  entrance  for  ships  is  between  the  western 
side  of  Keamari  and  Manora  Point.  Atross  this  entrance  a 
sand-bar  had  formed  nearly  3000  feet  in  width,  witli  a  depth 
over  it  at  low  water  spring-tides  of  1^  to  52  fathoms  only;  the 
bar  having  been  formed  by  the  action  of  the  aouth-west  mon- 
aoon  current  driving  forward  tlie  lm>se  saml  lying  inirnedialelv 
off  the  extremity  of  Manora  Head.  It  was  to  remove  this  bar, 
and  preserve  a  permanent  and  deep-entrance  channel  that  tlie 
works  carried  out  at  Karachi  were  maiidy  imdertfiken. 
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he  chief  objects  in  view  were^  to  increase  the  volume  of 
wattT  passing  through  the  eiitrftnc^  at  each  tide;  ta  give  the 
icum-nt  n  proper  diret'tioiij  and  to  shut  out  as  much  as  pussible 
heavy  south-west  setis  from  the  mouth  of  the  harbour.  A 
^Hnidary  entrance  was  on^inally  situated  between  the  uinin- 
fland  and  Keaniari  Island,  called  the  Chinna  Creek^  and  tlie 
first  object  was  gained  by  blcjcking  up  this  cntrajiee,  &o  fis  to 
!|  force  nil  ttie  water  through  the  nmiti  entry — and  by  opening  & 
paj^t^e  through  a  long  moJe  or  dyke  which  had  Ijoen  pre- 
viously constructed  by  Sir  Charles  Napier,  from  Karachi  town 
to  Keamari  Island,  hut  without  any  o[>ening.     The  second 
object  wius  secured  by  running  out  a  long  groyne  from  Keaman 
Ibland  to  seaward,  so  as  to  direct  the  whole  force  of  the  tide 
on  the  l>ar;  and  the  third,  and  the  principal  operation,  was  the 
construction  uf  a  breakwater  extending    to   si.Hiwnrd  fmm 
jJ^nora  Point,  to  break  the  force  of  the  heavy  seas.  These 
^Hks  were  aided  by  continuous  dredging  on  the  bar  to  assist 
tidal  scour,  and  the  remo\  al  by  bhiating  of  a  rocky  obstruc- 
tion at  '  deep'water  point,*  on  the  west  or  Mauora  side  of  the 
li&rbour. 

The  blocking  of  the  Chinna  Creek,  or  eastern  inlet  entrance 
— including  the  construction  of  an  iron  screw-pile  bridge  1200 
feet  lotig,  over  the  opening  made  in  the  Napier  mole,  together 
with  the  principal  sidjsidiary  operations  in  the  deep-water 
<:hannel,  coHt  altogether  nearly  i^0i30,OlHX  A  new  jettv  near 
the  t<)wn-end  of  the  hiirbour,  where  goods  could  be  landed  and 
shipped  by  the  smaller  craft,  cost  J.'4^,000 ;  and  the  Keamari 
groyne,  which  was  commenced  in  Novenilxr  1861,  and  com- 
plctfd  in  1SB5,  cost  over  1^48»00O,  The  closing  of  the  Chinna 
Crefk,  5)80  feet  across,  was  completed  in  the  year  1873, 

The  construction  of  the  valuable  Manora  Point  Breakwater 
|;WM  commenced  in  1869,  and  it  was  completed  in  the  year 
1873,  at  11  rosl.,  including  plant  and  eHtablishment,  of  rather 
Mtgder  J.'UK),0(JO.  This  breakwater  is  of  especial  interest,  Iwitli 
^H^^eount  of  the  novel  features  of  its  design,  and  a.%  being  the 
Rmt  that  was  conntrueted  in  deep  water  with  a  view  to  break 
the  force  of  the  heavy  »en&  raiseil  by  tJxe  wjuth-we-nt  monsoon 
Ion  the  west  con«t  of  India.  It  runs  in  a  SSE.  direction  from 
lilie  Buutheru  extremity  of  Manora  Point,  for  a  distance  of 
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1503  feet  beyond  low- water  mark,  terminating  in  u  dopth 
5  fatltom*;,  or  30  feet  at  low  water.    For  the  Hrst  500  ft«t  o 
its  length  the  water  at  low  tide  is      to  S§  fathoms  only,  am 
the  irregular  sea-bottom  consists  of  conglomerate  rocks,  whollv 
or  partially  imbedded  in  sand:  the  bottom  along  the  remain 
ing  outer  portion  consists  of  sand  resting  on  a  l»ed  of  clav. 
The  base  of  the  breakwater  is  formed  of  a  lieavj  li&iik  c 
rubble  stone  thrown  to  tl>e  sea-l>ottotn  from  l>OAt« ;  and  the 
top  surface  of  this  bank  was  levelled  off  by  divers  at  a  height 
of  15  feet  below  low  water  in  the  deejw,  and  10  feet  in  the 
shallower  portion  towards  the  «hore  end.    Upon  this  rubble 
bank^  made  with  ample  width,  and  side  slopes  of  1  to  1,  was 
raifwd  a  solid  superstructure,  eonsisting  of  a  vertical  double 
wall  built  up  of  huge  concrete  blocks,  eacli  12  feet  long,  8  feet 
high,  and  4|  feet  thick,  weighing  JiT  tons.    These  blocks, 
wliieh  were  placed  on  edge,  with  a  backward  rake  or  inclina- 
tion towards  the  shore  of  S  inches  to  the  foot — to  prevent 
movement  during  the  progress  of  the  work — form  a  wall 
24  feet  high  and  S4  feet  wide.    The  cross  section  of  this  wall 
presents  six  blocks,  two,  without  bonding,  forming  the  width, 
and  tliree  the  height 

The  manufacture  of  the  large  concrete  blocks  was  ciirried  on 
on  shore  by  the  aid  of  concrete  mixing  machinery  :  they  were 
made  in  moulds  of  the  requisite  dimensiunSf  and  contain  one- 
eleventh  in  bulk  of  Portland  cement,  mixed  with  conglomerate 
and  sand.  After  ])eing  tdlowecl  a  suitable  interval  to  dry  and 
harden,  they  were— by  means  of  a  special  machine— lifted  od 
to  trucks,  and  run  out  to  the  breakwater,  where  they  were  de- 
posited in  place  by  the  aid  of  a  powerful  '■7'itan''  or  travelling 
crane,  with  projecting  arm  of  special  construction ;  the  lifting 
and  lowering  tackle  being  worked  by  a  powerful  steam-engine. 

The  Manora  breakwater  was  virtually  completed  in  1873, 
at  the  very  moderate  cost,  exclusive  of  establishment,  of 
=^69,480*  The  total  cost  of  the  Karachi  Harbour  improvt- 
ment  works,  up  to  the  year  187Ji-74,  was  about  i?450,000; 
their  united  effect  has  been  entirely  satisfactory.  A  new 
direct  entrance  channel^  preserving  a  depth  of  20  feet  at 
low  water,  was  formed,  and  the  harbour  wits  remlered  acces- 
sible to  veasela  of  the  largest  size,  whilst  at  Uje  same  t  inn  Hic 
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capucily  of  the  aiichoraf^  was  considerably  iiicrL*asctl.  The 
breukwiiter,  which  has  sustained  no  serious  injury  from  the 
violfiict'  iif  thf  sea  to  which  it  is  exposed,  permits  the  use  of 
the  port  at  all  seasons,  and  allows  the  rc'^iilar  arrival  and 
departure  of  the  luaiUsteaniers,  At  Keaman— nrt  longer  an 
island — a  landing*pier,  aiuJ  extensive  wharfage,  has  been  con- 
itructed,  to  whitli  the  railway  has  now  for  many  years  been 
cxlenJetl,  and  the  possession  of  an  excellent,  tliongh  nioderate- 
harbour,  out  of  tlie  trat-k  of  cyclones,  and  ^situated  500 
mile*  from  tlie  tieare&t  gotnl  harlwjurs  on  either  side  of  it,  en* 
sures  to  Karachi  a  continuous  growth  of  trade,  and  conunercial 
A3  w*ell  as  military  and  naval  importance. 

The  port  of  Karwar*  on  the  west  coast,  al>out  50  miles  houth 
of  Goa,  consist:^  of  a  bay  or  cove^  partially  protected  from  the 
»outh-wc&t  monsoon.  In  tlie  year  IH5S^  an  Knglish  harbour 
^gtiieer  of  eniinonce  wtoy  deputed  to  report  oa  Us  capabilittes 
1^  a  harbour  of  refuge.  He  reported  that  the  l>ay  wa^  in  great 
measure  protected  from  tlie  most  violent  soutli-west  wind*,  but 
was  exposed  to  the  west  and  uorth-west,  and  reconnnended  the 
construction  of  breakwaters^  aggregating  a  mile  and  a  half  in 
length,  by  means  4>f  wliicfi  a  |x^rfe<'tly  <|uiet  harbour,  of  upwartis 
of  4  Mpiare  miles  in  art-a,  would  he  formed,  witfi  a  dcptli  vary- 
ing from  14  to  32  feet  at  low  water.  In  1860  it  was  deter- 
mine<I  to  effect  M>nie  improvements  in  thiK  natural  harbonr^  in 
order  to  render  it  availubte  as  a  port  for  thtr  shipment  of 
cotton  from  Dharwar,  A  road  was  constructoil  to  connect 
it  with  tluil  dintrict : — ^ Along  the  east  side  of  the  bay  a  wharf- 
wall  of  rnaKotiry^  S45  feet  long,  was  built,  and  a  landing-plaec 
was  formed  by  excavating  the  hill-side^  which  here  descend 
nearly  to  tlie  water's  edge.  It  wasat  first  intencied  to  eoufetruct 
a  ftcrew-piie  pier  iiOO  feet  long,  with  a  T  head  of  90  feet,  and 
the  necestsary  materials  for  this  pier  were  olitainetl  from  Eng- 
land in  I8(i4,  but,  owing  to  unexpected  difficulties  met  with 
in  ijccuring  the  piles  in  the  treacherous  soil,  the  pier  indterials 
were  utilised  ia  the  construction  of  a  landing-t^tage,  about  100 
feel  Mpjare.  ct)nimanding  7J  feet  at  low*  water,  ami  extending 
45  feet  beyond  the  wliarves.  A  lighthouse  Wiis  also  built  on 
tlie  Oynter  rock^  westward  of  the  port,  the  light  of  wliich  is 
d05  fevt  Above  the  level  of  the  sea.    The  hu'bour  improvement 
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works  at  Karwar  were  estimated  to  cost  i?115,()00,  induLiing  a 
wharf  road  and  iron  hridge  costing  i:<>5,000. 

The  condition  of  llie  Madriis  open  roaulsUvid,  as  a  port  of 
call  for  vessels,  was  tluiJi  referred  to  by  tht  niembors  of  a  cam- 
mittee  ap[>ointed  by  Govcnimcnt  in  the  year  IWiH  to  re|)ort 
on  the  best  method  of  imprfrt'ing  the  facilities  for  tlie  wa-lxmu' 
trade  at  that  place.  'I'bey  say  : — *T}ie  port  of  Madnts  at  thi* 
present  time,  so  far  as  the  facilities  for  trade  are  concerned, 
differs  very  little  from  what  it  was  nearly  S50  years  ago,  when, 
as  a  small  fishing  villai^e,  it  first  attracted  attention.  It  re- 
mains an  open  roadstead,  destitute  of  any  natural  shelter,  and 
still  unprovidi^d  with  any  artificial  substitute;  and  its  surf  still 
offers  an  insurmountable  ditficulty  to  the  passage  of  boat»  of 
every  kind,  except  the  primitive  Masnlah  boats.  But  thougii 
manned  by  thirteen  trained  men,  a  Masulah  boat  tvirries  onh 
l-J  tons  as  an  ordinary  load  in  the  finest  weather,  and  often 
less  than  half  a  ton  in  heavy  weather.  T tie  very  skill  of  Ihi' 
boatmen  is  one  of  the  difficulties  of  the  port,  for  tbcir  ninnhers 
being  limited,  they  are  able  to  set  regLdations  at  defiaiUT, 
and  to  charge  pretty  much  wliat  they  like — twice,  four,  and  m 
times  the  legal  hire  being  a  common  rate,  and  ten  times  bv  no 
means  uncommon  ;  well  knowing  that  the  course  which  would 
elsewhere  be  followed  of  importing  additional  men  from  ol 
localities  would  be  inoperative  at  Madras,  for  in  confief|uenoe 
of  caste  prejudices,  and  the  disinclination  of  natives  t<)  itdii|>L 
customs,  or  to  follow  tratles  which  have  not  been  followed 
by  their  fathers  before  them,  the  ordinary  laws  of  political 
economy  cannot  he  applied  in  their  integrity  in  this  country, 
and  it  does  not  follow  that  liecause  there  is  a  greater  demand 
than  supply  of  Masiulah  boatmen,  and  a  very  Imtidsonic  f>rofit 
to  be  reaped  by  those  who  might  qualify  for  the  occupation, 
that  outsiders  will  (|uatify  for  it,  and  come  forward  to  break 
the  monopoly.  Tltc  great  objections  then  t^  the  |>ort  o 
Madras  are — First,  That  it  is  an  open  nmdHtead,  de»titu 
of  shelter,  which  renders  it  necessary  on  the  approach  of 
gale  for  ships  to  put  to  sea  for  siifety :  or  if  out  of  trim  an 
ballast,  and  unable  to  put  to  sea,  to  incur  the  imminent  risk 
of  dragging  their  anchors,  or  of  parting  from  them  and  going 
ashore  complete  wrecks.    Secondly^  That  owing  to  the  com- 
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unit-atior*  between  tfic  sliippingand  the  shore  being  for  the 
most  |jart  by  Miihulah  bouts,  only  carrying  IJ  tons  at  a  time, 
I  the  delay  in  loading  and  unloading  U  so  great  as  to  deter  many 
ship»,  to  which  a  preference  would  lie  ^iveu,  from  eoming  to 
the  pjrt  at  nil.    Thirdly,  Tliat  the  ai^tiial  cost  of  landing  and 
shipping  cargo,  even  at  legal  rates,  is  needlessly  great^  whik* 
the  much  higher  rates  whieh  the  mercantile  eomoiunity  pny  on 
demand,  rather  tfian  incur  the  inconvenience  and  mbum  of 
I  pro&ecuting  the  boatmen,  enhances  the  cost  so  mucli  as  to 
become  a  formidable  addition  to  the  charges  of  a  port  other- 
wrise  regarded  as  a  cheap  one,    Fourthlyj  That,  notwithsbinding 
j  the  ftklU  of  the  l>oattnen,  the  damage  to  goods  from  i»pray» 
and  from  shipping  iieas  in  crossing  tlic  surf,  i&  a  very  serious 
consideration/ 

Sonie  time  before  the  date  of  this  report,  a  screw-pile  pier* 
projecting  some  SOO  or  +00  yards  from  the  shore,  had 
Ijcen  constructetl  witli  a  view  to  lessen  the  evils  above  dc- 
picteci.  The  committee  recommended  the  construction  of  a 
breakwater  2000  yards  long,  lying  parjdlel  with  the  shore, 
and  distiint  about  ISOO  yarda  from  it,  in  7  or  8  fathoms  of 
water,  the  coat  of  which  they  considered  might  reach  about 
j  IJ  million -sterling,  Tliev  were  of  opinion  that  a  closed  har}>our 
[  would  be  preferable  to  a  breakwater,  but  the  majority  of  the 
members  believed  that  the  danger  of  shoaling  from  the  advance 
of  sand — the  long  plu»re  movement  of  which  would  hv  arrested 
by  the  projecting  piers  of  a  closed  harbour — windd  be  an 
insuperable  objection. 

From  this  time  tuuneroua  propo^^alr*  were  made  and  lengthily 
discuKHcd,  until,  in  the  year  1872,  a  project  for  the  construction 
of  a  closed  harbour  was  submitted  by  an  experienced  1  English 
i  harbour  engineer,  whose  set^'iccs  in  the  following  year  were 
I  secured  for  a  period  of  twelve  months,  in  order  that  he  might 
fully  investigate  the  subject    The  scheme  propoM-d  wiis,  the 
construction  of  two  piers  to  be  run  out  for  lliOO  yardft  at  right 
!  angles  to  the  foreshore,  and  placed  about  500  yards  north  and 
'  »outli  of  the  eidsting  screw-]n]e  ptL-n    Tliese  side  pierx  to  be 
[connected  at  the  ends  by  a  cross-jiicr  or  breakwater,  running 
!el  with  the  sliore,  with  an  opening,  150  yard*  wide  in 
centre^  as  an  entrance  into  the  closed  hnrlKittr  which  would 
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thu9  be  formed.  It  was  proposed  that  the  piers  should  be 
constructed  generally  after  the  pattern  of  the  Manora  Ijrealt- 
wtiter  at  Karachi,  viz.,  a  rubhlo-^itone  bank  or  mound,  brought 
up  from  the  sea-l>ottoin  to  a  depth  of  feet  below  low  water, 
on  which  would  be  built  a  vertical  wall  S4  feet  thick,  of  large 
concrete  blocks — each  weighing  S7  tons — capable  of  resixttn^ 
the  force  of  the  waves.  The  cost  of  thia  close  harbour  was 
estimated  at  i.^565,000,  and  the  enclosed  area  available  for 
ships  would  be  a  rectangle  about  1000  vards  long  by  SSd 
yards  wide,  or  170  acres,  with  a  depth  at  low  water  of  from 
3  to  7  fathoms,  with  a  further  space  uf  about  a  quarter  of  thai 
area,  with  a  depth  of  less  than  3  fathoms  for  btjat^^,  lighters, 
and  native  craft.  The  question  of  the  probable  advance  of 
the  foreshore  was  discussed,  and  it  was  considered  tliat  the 
accumulation  uf  sand  would  at  Hrst  be  heavy,  but  that  when 
once  tlie  piers  were  extended  into  the  deep  water  the  further 
advance  would  be  so  slow  as  practically  to  remove  to  a  very 
distant  date  any  danger  of  the  harbour  shoaling  up. 

This  scheme  was  generally  approved  by  the  Government  of 
India  in  1874,  after  much  discussion  of  its  details,  and  much 
opposition  by  the  advooites  of  the  breakwater  alternative,  but 
on  various  counts  the  Government  raist'd  the  estimated  cost  from 
£565,000  to  1^76,000,  In  tlie  following  year  the  sanction 
of  the  Secretary  of  State  to  the  construction  of  the  projiosfd 
harbour  was  conununicated,  with  the  following  liberal  remarks 
on  the  estimates  of  probable  expenditure  : — 'The  coiitingLMicies 
upon  which  the  cost  of  constructing  and  repairing  a  harlwur 
depends  are  so  uncertain  that  it  would  be  hazardous  to  express 
a  eonHdent  opinion  in  respect  to  these  conflicting  estinmtes. 
But  the  questiou  is  too  large  to  be  dealt  with  only  on  tiuancia) 
grounds.  Many  human  lives  are  sacrificed  in  the  tempests 
which  annually  ravage  the  Coromatidel  coast,  and  it  is  jiossibli- 
that  a  large  proportion  of  these  might  be  saved  if  vessels  which 
ate  now  surprised  in  the  roadstead  could  seek  the  shelter  of  A 
harbour.  The  ntaterial  interests  of  a  vast  po[iulntinn  that  in- 
habits the  Presiduncy  of  Matlnis  are  not  less  deuply  affected 
by  the  unsheltered  condition  uf  the  port.  It  aui  hardly  be 
doubted  that  if  a  safe  and  regular  access  to  the  sea  could  be 
secured  to  them,  their  industry  and  trade  would  be  gn*ally 
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imiilato*?.  The  publiL-  utility  of  a  harbour  can  seldom  be 
eiL'iurLnl  by  the  actuiil  return  in  tlie  tif  dues  M-bich  it  can 

mftde  to  pfty,  and  in  the  Presidency  of  Madras,  where  the 
stitution  <jf  shelter  upon  the  seaboard  is  so  remiirkable,  such 
priuHph'  of  valuation  would  be  specially  misleatiing/ 
The  work  of  construction  on  the  Nortli  Pier  was  put  in 
nd  in  Dei'embcr  of  the  year  ISTfij  the  ^^outb  Pier  not  liein)^ 
mmenced  until  about  a  year  later.    In  carrying  these  piers 
rougli  the  slioal  water,  much  trouble  and  delay  was  occasione*! 
confiiH|uencc'  of  the  rapid  ac4:uniulation  and  advance  of  sand, 
t,  its   had  been  coufidently  anticipated,  as   soon  *is  the 
hom  line  wa*  reachetl,  all  difficulty  on  this  head  ceased, 
the  work  was  carried  on  without  further  interruption. 
The  ^t-nt-ral  features  of  the  work  as  carried  out  were  as  follows  : 
— The  nibl>le  stone  base  was  made  78  fei't  wide  at  the  top, 
with  side  slf^pes  of  1  to  1  ;  its  height  varied  with  the  depth  of 
water,  being  about  25  feet  at  the  deejx'st  part,  where  the  top 
j     of  the  numnd  was  £i2  fei  t  below  tlie  water.    The  nd>hle  wits 
■■^fpoHited  in  s'ttn  from  stean»-hop|>er  l>ar^![<."3,^  and  its  surface  was 
^^^vclknl  by  divers  to  receive  the  concrL'te  blot^-ks.    The  rnmida- 
lion  bUickgi  were  14  feet  long,  6  ft'rt  wide,  and  M  feet  thick; 
those  forniint;  tlie  remainder  of  the  wall  Ix'in*^  IS  feet  hv  8  feet 
by  4J  feel,  weighing  ^27  tons  each;  upwards  of  13,(i4f}  bhxks 
were  UHcd ;  thev  were  hiid,  with  a  biickwunl  ruke  iff  .'1  inclies  to 
the  toot,  by  the  aid  of  powerful  'Titan*  crnnes  with  over- 
nging  annw.    The  wallN  were  constructed  without  bondj  tl»c 
tdth  of  24  ft'ct  being  made  uji  of  two  parallel  walls  of  blocks 
ting  otu  and  in  ^de  c^ont^ict  with  each  other,  each  block 
having  a  tenon  on  its  upper  surface,  and  n  eorres|MHuling 
ortice  on  it*  lower  surface  to  prevt-iit  slipping.    The  greatest 
pth  of  water  in  wbieli  the  pieis  wt*re  fountteii  was  8  fathoms, 
48  feet,    Ttnvnn.lif  tlie  ends,  forming  the  central  entrance 
to  the  harbour,  the  pier-beads  wi-ff  wich'ned  <>nt  t*>  about 
ouble  wiilth.    The  total  length  i»f  the  piers  (Uiojtc  to  the 
north  and  south  being  of  nearly  equal  length)  was  7856  feet 
With  till'  fXrf]>tion  of  a  «nmll  re-rntiuitig  curve,  which  i1 
propowd  to  adil  at  the  pier-heads,  tlic  workx  were  practi- 
ly  completed  towards  the  end  of  the  year  1881,  when,  on  the 
2th  NovenditT  of  that  year^  a  severe  cyclonic  aborni  cHxurrrd, 
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raising  exceptionally  heavy  rollers  and  ground  swell,  although 
unaccompanied  by  any  very  violent  wind.  The  result  of  this 
storm  was  to  wreck  nearly  the  whole  of  the  outer,  or  breakwater 
face  of  the  harbour,  from  the  elbows,  or  turns  of  the  pier- 
walls,  where  the  injury  was  greatest,  to  the  entrance  on  either 
side ;  fche  side  piers,  from  the  shore  to  the  elbows,  being  but 
little  aiFected.  In  the  case  of  this  storm,  the  action  of  the  sea 
was  sufficiently  severe  to  undermine  foundations  at  a  depth  of 
^  feet  under  low  water,  an  action  far  in  excess  of  that  hitherto 
held  possible  by  harbour  engineers  in  England,  where  a  depth 
of  15  feet  below  low  water  was  considered  as  safe  against  all 
possibility  of  disturbance  by  the  worst  waves. 

This  regrettable  incident  caused  a  suspension  of  operations 
for  some  time,  and  gave  rise  to  a  long  discussion  as  to  the  most 
secure  methods  of  restoring  the  harbour.  The  recommenda- 
tions of  a  committee,  composed  of  eminent  harbour  engineers, 
which  was  appointed  in  England  in  the  year  1883,  advising  a 
certain  remodelling  of  the  works,  estimated  to  cost  i?430,000, 
were  eventually  in  the  main  adopted,  after  very  considerable 
opposition  had  been  offered  by  the  local,  nautical,  and  other 
authorities  in  Madras,  who  advocated  the  closing  of  the  outer 
or  easterly  entrance  to  the  harbour,  and  the  construction  of  a 
new  and  wider  entrance  in  the  north-east  angle.  This  pro- 
posal, after  a  long  discussion,  was,  however,  overruled,  and  the 
restoration  of  the  harbour  on  the  main  lines  recommended  by 
the  English  committee  was  ordered.  The  final  estimate  for 
the  restoration  works  reached  a  sum  of  0^459,000,  so  that,  with 
the  original  outlay  up  to  the  time  of  the  storm,  the  estimated 
completed  cost  of  the  Madras  harbour  ranged  not  far  short  of 
a  million  and  a  quarter  sterling. 

There  is  little  of  general  interest  that  need  be  here  referred 
to  in  connection  with  the  port  of  Calcutta.  That  portion  of 
the  Hooghly  tidal  channel  abreast  of  the  city,  chiefly  occupied 
by  the  shipping  frequenting  tlie  port,  is  from  4  to  6  miles  long, 
and  averages  about  300  yards  in  breadtli.  A  considerable  ex- 
tension of  wharves  and  jetties  along  this  water  frontage  has 
from  time  to  time  been  carried  out  by  the  port  authorities, 
and  the  provision  of  wet  dock  accommodation,  somewhere  at 
or  near  Calcutta,  is  a  question  which  in  one  form  or  another 
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has  been  imdcr  discussion  for  tlii*  best  part  of  half  a  cfiitury. 
Mud)  diflemiOL'  of  opinion  has  existed  as  to  the  tnani  ai)ital>]e 
}>nsituHi  for  till'  construction  of  commercial  docks  (or  even 
wliethtT  Mich  doekH  were  neeesfwirv  at  nil),  and  mnnernus  pro- 
pcksaU  liavo  Iwen  put  forward,  Diamond  ImrlxHir — ^itunted 
nlmiit  50  Tiiilt's  jnvvrr  down  the  river,  or  3\  miles  hv  lantJ  from 
Calcutta — has  Invn  particularly  favoured,  l*ro|M>suls  for  the 
construction  of  docks  at  this  place  were  made  so  far  hack  aa 
the  vcar  18**39,  ami  were  apfain  urged  in  1847,  wlicn,  chieHy  oti 
the  opposition  of  Lxtrd  Dalliousic,  the  project  v^ns  siiclved.  A 
ffpecial  comiTiittcc,  appointed  to  consider  the  question  of  dock 
ajccoinmoilation  at  Calcutta  in  the  year  iHStiy  wjls  alsi>  favour- 
able to  the  revival  of  thi?*  sclicnic,  but  an  important  and 
influential  minority,  coni(K>8ed  of  all  the  mercantile  members, 
a^rcwl  in  ri'jcctirjf^  it.  Another  coinmitttv,  Mdi^t^^quetdly  ap- 
pointed to  pursue  tlic  investigation,  came  to  a  unanimous 
mnctuKion  apduKt  Diamond  harbour^  and  was  in  fa%'our  of 
the  construction  of  docks  at  Kiddcrpore,  on  a  site  situated  on 
Calcutiu  iiide  tyf  llie  river,  about  3^  miles  from  the  city. 
b  estimated  cost  of  tliese  docks,  including  subsidiary  work* 
(\  inleresl,  was  Sif>5  lakhif  of  rupees,  or  -i^2Ji/5(K<)00  ;  Hie  area 

kof  dock  acconnnr>dation  propoMit  being  nearly  111  acres,  con- 

^■ing  of  a  tidal  t)asin  of  acres,  aJid  two  docks  of  and 
acrcsi  respectively.    TJie  approval  of  the  Home  (lovem- 

I  ment  in  the  vear  1884-  wits,  however,  on  general  prudential 
grounds  limited  to  the  tidal  bii^in,  and  the  smaller  of  the  two 
dcH'k^  ontv.  arul  to  the  expenditure  of  a  sum  not  exccodiog 

kjpU  lakh-s  or  i'^i,(>nO,(H)0  sterling. 

^Ipoiisiilcrable  dilficulty  was  experienced  by  the  Port  Cora- 
Kmitxionera  in  raising  the  nect^ssarv  funds,  and  much  discusMtm 
dilferencce.  of  opinion  to  tlie  kiuij  and  degree  of  Biianeial 
e  to  he  n-'udered  by  the  Government  occurred.  Il  wa* 
tlmt  the  latter,  a*  the  owners  and  guarantors  of  so  large 
cage  *»f  railwavH  converging  on  l^lcutta,  were  intimately 
rncd  in  the  ftjrwanlingof  all  port  arrangements  promising 
ities  to  traiie,  hut  from  various  cauACfl  it  was  not  until  the 
IHHO  tliJLt  a  (inal  agrccujrnt  iK'twftii  the  tiovernment 
the  I'ort  CommifiKioncrs  was  arrived  at,  that  thr  money 
iiiml  for  the  pruset-utitm  of  the  Kidderporc  Dock*  should 
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be  raised  in  India  by  Grovemment  loan,  and  lent  as  required  to 
the  local  authority;  the  interest  charged  being  the  actual  rate 
of  borrowing — plus  1  per  cent,  for  a  sinking  fund,  to  be  in- 
vested at  the  end  of  four  years  after  the  completion  of  the 
docks.  The  work  was  accordingly  undertaken,  but  whether, 
under  the  conditions  of  the  port,  the  number  of  ships  using 
the  new  Kidderpore  Docks  is  likely  to  be  such  as  to  render 
them  a  financial  success,  it  is  as  yet  probably  too  early  to 
determine. 

Although  the  lighting  of  the  coasts  of  India  is  by  no  means 
perfect,  a  great  deal  has  from  time  to  time  been  done,  especially 
on  the  Burma  sealward,  so  that  there  are  now  probably  upwards 
of  seventy  lighthouses  or  lightships  stretched  along  the  great 
extent  of  coast  from  the  Manora  light  at  Karachi  to  the 
Malay  peninsula.  Some  of  the  more  important  of  these  light- 
houses occur  on  the  coast  of  Burma,  such  as  that  erected  on  the 
Alguarda  reef,  a  short  distance  off  the  mouth  of  the  river 
Negrais.  This  graceful  tower  is  ISO  feet  high,  showing  a 
light  143}  feet  alx>ve  high-water  spring  tides,  and  has  a  base 
diameter  of  feet.  It  was  completed  in  the  year  1865,  at 
a  cost  of  about  i?100,000.  The  Double  Island  Lighthouse, 
situated  near  the  mouth  of  tlie  Bassein  river,  56  feet  in  height, 
with  a  light  134  feet  above  high  water,  costing  about  d£^6000. 
The  Cocas  Island  Lighthouse,  72i  feet  high,  with  light  195 
feet  above  sea  level,  built  on  Table  Island  north  of  the  Cocas, 
off  the  coast  of  Burma.  This  lighthouse  is  an  iron-])Iated 
tower,  and  cost  nearly  £l2fi00.  The  Khrisna  Shoal  Light- 
house, in  the  Gulf  of  Martaban,  is  erected  on  iron  screw-piles, 
screwed  to  a  depth  of  24  feet  into  the  sea-bed  in  3  fathoms 
of  water  at  low  tide,  where  it  is  exposed  to  the  heavy  seas  raised 
by  the  south-west  monsoon.  The  tower  is  84  feet  in  height, 
and  it  cost  upwards  of  ^16,000.  The  Great  Basses  Light- 
house, off  the  coast  of  Ceylon,  is  a  granite  tower,  containing 
37,365  cubic  feet  of  that  stone.  It  is  97^  feet  high,  and  cost 
1^64,000. 

The  *  Prongs'  Lighthouse  at  Bombay,  about  IJ  miles  to 
seaward  of  tlie  old  lighthouse  on  Colal)a  Island,  has  already 
been  referred  to.  This  tower,  owing  to  the  nature  of  the 
bottom,  was  founded  on  a  great  thickness  of  concrete,  enclosed 
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in  a  massive  dam  fuced  with  concrete  blocks  of  large  size.  It 
is  built  of  hard  grey  trap,  find  is  4^  feet  in  diameter  at  the 
hase,  ant]  16  feet  at  the  top ;  the  total  lieight  being  feet. 
The  central  core  of  the  shaft  is  1^  feet  in  diameter^  divided 
into  eij^ht  stories,  each  12  feet  high*  The  lighthouse  at  Karwar, 
also  alremly  mentioned,  is  built  on  the  Oyster  rock,  about  S 
miles  westwards  of  the  port,  a  rock  which  rises  ICO  feet  alwve 
the  sea.  The  lij^hthouse  M*as  finished  in  1864;  it  consists  of  a 
circular  tower  45  feet  hi^h,  with  the  li^^ht  ^05  feet  above  sea- 
level.  These  various  lighthou^jes  are  all  provided  with  dioptric 
lights  of  the  first  order.  Along  the  coast  of  the  Madras  Presi- 
dency there  are  numerous  lights  of  all  classes,  including  a  fine 
tower  90  feet  high,  with  a  dioptric  light  of  the  second  order 
at  Alepy,  and  one  82  feet  high,  with  a  fixed  white  light  at 
Tuticorin,  first  lighted  in  1874.  These  are  a  few  examples  of 
prominent  ligliLhouses  erected  on  the  Indian  coasts. 
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ly  the  foregoing  pages,  all  the  principal  fields  of  operation  in 
connection  with  public  works  in  India  have  been  separately 
brought  before  the  reader,  and,  although  the  large  compass  of 
the  entire  subject  has  contpelled  a  very  condensed  treatment 
of  individual  tlcpartnients*  and  especially  of  individual  workxS, 
it  is  hoped  that  the  nmtn  object  of  conveying  to  the  mind  of 
the  reader  a  more  comprehensivtr  idea  than  lie  may  have  pre- 
viously entertained  of  the  immense  extent  and  variety  of 
Indian  public  works,  and  of  their  great  importance  and  value 
to  the  country  and  to  the  Goveniment,  may  at  least  have  been 
partiidly  attained.  Statement^  exiiibiting  mere  money  expen- 
ditures on  works  of  public  nsefulnes?*,  art?  necessarily  a  very 
imperfect  expression  of  their  real  value,  it  hasj  therefore,  been 
sought  not  only  to  interest  the  reader  in  the  constructive 
details  of  Indian  pubLc  works  themselves,  and  to  convey 
Bonie  idea  of  the  dimensions  and  comparative  magnitudes  of 
the  foremost  examples;  but  it  has  been  endeavoureil  at  the 
same  time  to  dej>ict  the  astonishing  manner  in  which  as  a 
whole,  they  have  affected  the  general  welfare;  whetlier  in  ameli* 
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orating  the  material  conditions  of  life  bj  advancing  the  average 
wealth  and  wellbeing  of  the  people,  or  by  increasing  industrial 
activity  and  improving  the  public  revenues. 

The  enormous  increase  given  to  the  productive  capacity  of 
the  country  by  the  labours  of  the  engineer  in  India,  is  in 
truth  incalculable,  and  the  improvement,  there  as  elsewhere,  n 
plainly  written  on  the  face  of  the  land,  and  in  the  wonderfully 
increased  resources  of  the  Government  on  every  side.  Scientific 
and  practical  engineers  as  a  body,  are  commonly  far  too 
absorbed  in  the  details  of  their  multiform  occupations,  and  too 
careless  of  the  unconscious  injustice  and  ingratitude  with  which 
their  arduous  and  exceptionally  responsible  labours  are  so 
often  requited  by  an  unreflecting  public,  to  go  out  of  their 
way  to  assert  the  true  greatness  and  importance  of  their  pro- 
fession in  relation  to  the  world's  advancement.  It  is  in  back- 
ward and  undeveloped  countries  that  its  true  value  is  the  most 
clearly  exemplified,  because  it  is  in  these,  that  the  immediate 
springs  and  sources  of  progress  are  the  most  clearly  visible  to 
the  public  eye. 

Mr.  Alfred  Milner,  in  his  recent  work  on  Egypt,  relates  that 
when  a  native  statesman,  and  one  of  those  most  intensely 
opposed  to  British  interference  in  the  country,  wtis  asked  by 
him  how  he  imagined  the  country  would  get  on  without  the 
English  irrigation  engineers,  replied,  'You  do  not  supjx)se  that 
if  Great  Britain  were  to  retire  from  Egypt  we  should  let  the 
engineers  go  ? — I  myself  should  be  the  first  to  do  everything  1 
could  to  retain  them."*  The  true  secret  of  the  successful 
financial  administration  of  Egypt  under  British  guidance  was 
here  too  patent  to  be  overlooked  or  obscured,  and  found 
natural  expression  in  the  above  remark.  The  same  author — 
his  own  sympatliies  and  interest  lying  naturally  in  the  direction 
of  finance — admits  that  the  efforts  of  the  British  financial 
advisers  in  Egypt  would  have  been  thrown  away  but  for  the 
work  of  the  irrigation  engineers,  he  says,  'We  at  the  finance 
office  have,  so  to  speak,  registered  that  improvement  in  our 
easier  budgets  and  growing  surplus,  but  it  is  the  engineers 
who  liave  created  it."  Among  the  numerous  bodies  of  engineer 
officers  of  all  classes  who,  under  the  wise  initiation  or  direction 
of  the  Government,  have  for  so  many  years  been  engaged  with 
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untiring  tntiiistry  in  laying  ih<'  fouiulHtions  atul  steadily  build- 
jn^r  up  the  material  prosperity  of  India,  many  individuals  of 
widely  varying;  decrees  of  professional  aptitude  and  capacity 
mftv  nodouht  1m?  found,  and  there,  as  in  everv  otiier  part  of  the 
worJd,  %rtnou»  dej^reesof  success  and  failure  will  be  found  to  have 
attendiii  individiml  tffort.s;  but  the  protli^ous  transformation 
ffTinrlcd  in  the  country,  and  tht'  success  and  economy  with 
whidu  ft8  a  whole,  the  great  railway  and  irrigation  works  of 
luJia  Imve  created  and  administered,  is  the  test  to  which 
the  body  of  Indian  en>^ineerfi — whether  working  directly  in  the 
•errice  of  the  GovcrnTnefit,  or  under  the  supervising  control  of 
the  Govcriuncnt  oMicers — ^may  contrdenlly  appeal. 

To  recapitulate  ;  It  has  been  the  chief  aim  of  this  volume* 
hofwever  imperfectly  attained^  to  exhibit  on  a  single  canvas  an 
outline  jncture  of  the  more  important  works  of  public  utility 
which  have  been  carried  out  in  India  l>v  Dntish  or  native 
en^neersn  atid  to  emphasise  their  special  value,  meaning;,  and 
importance.  The  enormous  n<jgre«;nte  of  Indian  public  works 
may  be  regardcti  the  fundamental  basis  of  that  notable 
odvaivee  in  the  material  prosperity,  wealth,  and  culture  of  thv 
peoples  of  India  which  htis.  taken  place  mainly  witfiin  the  la^tt 
thirty  or  forty  years— wljich^  alone  has  rendered  this  advance 
poefiible,  and  without  the  existence  of  which  tlie  l)e«t  efforts  of 
British  civil  atlnnnistratton,  British  Hnance,  education,  and 
British  lavva,  uould  asaureiily  have  bteii  as  a  few  grains  of  wheat 
CAHt  into  a  wildenicss.  The  judicious  extension  throughout 
India  of  iireat  public  works  of  aW  kinds,  uudvr  the  Goverument 
of  Grent  Britain^  is  the  true  cause  of  the  existing  remarkable 
development  of  the  average  ^tandarti  of  individual  wealth  and 
comfort  nmouL?  all  classes  of  the  Imjian  people:  of  the  great 
increase  in  po]>iilation,  the  steady  improvement  in  the  (lovem- 
ment  n*veTuie,  and  the  generally  improved  Bnancial  condition 
of  the  country  compared  ^vith  what  those  severally  were  within 
comparatively  recent  memory. 

The  rapid  internal  development  of  the  resources  of  India  by 
means  of  pultlic  works,  irrigation  canaU.  telegraphs,  and,  above 
all,  by  railways  bji*,  moreover,  xuii  only  ai»*.m'ed  niatrrinl  pro- 
S}M*rity,  but  has  kIko  rendered  posjiible  that  simultaneous  and 
niarvellouit  moral  and  intellectuid  progre«s^  and  that  Nteady 


524  PUBLIC  WORKS  OF  INDIA 


overturning  of  pernicious  superstitions  and  caste  trammels,  which 
to-day  is  so  profoundly  afFecting  the  whole  social  life  of  the 
heretofore  stagnant  races  of  the  continent.  To  be  assured 
that  this  is  so,  it  is  only  necessary  to  try  and  picture  in  imagi- 
nation what  would  have  been  the  present  comparative  condi- 
tion of  a  poorly  irrigated,  roadless,  and  rail-less  India. 

The  mean  level  of  human  progress  and  of  human  wellbeing 
bears  a  direct  proportion  to  the  greater  or  less  application  of 
the  practical  sciences  to  the  purpose  of  relieving  the  necessities 
and  satisfying  the  wants  and  aspirations  of  man,  and  enlarging 
the  sphere  of  his  possible  activity :  to  the  power  he  possesses 
of  favourably  moulding  his  environment  by  bending  the  great 
sources  of  power  in  nature  to  his  service  and  convenience.  To 
realise  this  truth  it  is  sufficient  to  contrast  the  rate  of  advance- 
ment of  the  civilised  nations  of  the  world  during  the  present 
century  with  that  of  the  whole  antecedent  historical  period :  to 
compare  the  India  of  the  present  day  with  the  India  of  forty 
years  ago.  It  is  on  the  firm  foundation  of  a  steadily  augment- 
ing material  prosperity  created  by  the  great  public  works  of 
the  country,  that  the  beneficent  English  administration  of 
India  has  its  support,  and  it  is  on  this  foundation  that  it  has 
alone  been  possible  to  erect  that  magnificent  superstructure  of 
moral  government,  wliich  is  at  once  its  justification  and  the 
admiration  of  tlie  civilised  world. 
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The  inner  lining  of  the  human  eyeb&Il  is  the  retina.  It  is  chi^Hy 
m[}0»etl  of  nerve-raalt<;r  whose  function  is  to  receive  impressions 
external  objects  focussed  upon  it.  and  convey  thera  through  the 
optic  nerve  to  the  brain.  The  retina  is  able  to  perceive  not  only 
the  form  of  objects  but  also  tlieir  colour  In  mechanicnl  arrangc- 
raenl  the  eye  is  very  similar  to  »  photographic  camera,  and  the 
retina  ctirresjHjnds  to  the  ground-glass  focussing  screen,  on  which  a 
coloured  image  of  the  view  is  thrown. 

Tbc  nerve  fibres  of  the  retina  are  reolly  the  direct  prolongation 
of  those  of  the  optic  nerve  itself,  and  tlie  rays  of  light  which  arc 
focussed  iijion  them  form  the  stimulus  which  excites  the  scnsoriiuii 
at  t!ie  other,  or  cerebral*  extremity  of  the  optic  ner^c 

There  have  been  many  theories  expounded  to  account  for 
the  manner  in  ivhich  the  retina  performs  its  functions  ;  but  none 
of  these  hypotheses  are  quite  satisfactory,  inasmuch  as  they  all 
leare  some  of  the  phenomena  of  vision  unexplained.  That  which 
is  usually  accepted  as  being  nearest  to  the  truth,  and  which 
accounts  for  the  majority  of  the  facts,  is  known  as  the  'Yomig- 
Hclmholtx*  theory.  It  supposes  the  eitistence  of  three  separate 
and  distinct  sets  of  nerve-fibres  in  close  prmiinity  to  one  another, 
and  so  disposed  that  the  whole  surface  of  the  retina  is  well 
supplied  by  each  set,  Kaeh  of  these  three  kinds  of  nerve-fibrca 
ia  specially  sensitive  to  one  of  the  three  primary  colours— one  set 
to  violet  light,  one  to  red  light,  and  the  other  to  green  light.  But 
in  addition  to  exciting  its  own  special  ncr^e-fibrcH  vixuitif,  each 
primary  colour  has  also  the  power  to  excite  each  of  the  other  »et» 
of  fibres,  but  to  a  much  Ifss  rstettL  When  while  light  (a  blend  of 
the  t!»ree  primary  eolouri)  enters  the  eye»  all  three  sets  of  fibrea 
are,  of  course,  strongly  stimulated.  Suppose  tliAl  one  of  the  three 
w  of  nerve-fibres  ts  absent  from  the  retina,  the  primal^  colour 
eorrcspuuding  to  that  jKirticular  &ct  cannot.  (/<■  /Jir/o,  be  seen  ;  but 
that  primary  colour  will  nevertheless  slightly  ittimulatc  each  of  the 
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other  two  sets  of  fibres.  In  such  a  case  colour-blindness  for  the 
said  colour  is  said  to  exist. 

Let  us  take  as  au  example  of  this  condition,  a  person  in  whose 
retina  the  fibres  for  red  are  wanting.    This  person  is  incapable  of 

perceiving  red  in  the  sense  that  a  normal  eye  understands  it 
But  the  fibres  for  violet,  and  those  for  green,  will  be  sli^tlj 
stimulated  hy  a  red  ray,  and  so  he  will  receive  an  impression  re- 
sulting from  the  stimulation  of  these  two  sets  only,  and  conse- 
quently a  sensation  of  faint  bluish  green  (a  mixture  of  faint  violet 
and  faint  green)  will  result. 

So  we  see  that  a  person  who  is  colouivblind  for  any  particular 
colour,  really  sees  the  complement  of  that  colour ;  and  moreover  that 
the  said  complementary  colour  thus  produced  is  much  less  brilliant, 
ccEieris  paribus^  than  other  colours  for  which  he  is  not  blind. 

It  has  been  independently  observed  by  Professor  Grossman  of 
Liverpool,  by  Dr.  Edridge  Green,  and  by  Mr.  St.  Clair  Buxton  oi 
London,  as  well  as  by  a  well-known  Swiss  ophthalmologist,  that 
there  are  persons  who  may  be  blind  for  a  certain  colour  when  looking 
at  a  luminous  object  (as  for  instance  a  signal-lamp)  who  are  quite  able 
to  see  and  recognise  the  same  colour  reflected  from  the  surface  of 
an  opaque,  non-luminous  substance  (such  as  a  flag).  This  is  an 
extremely  rare  form  of  colour-blindness,  but  its  existence  has  been 
proved.  Its  importance  is  obvious  in  considering  the  proper  tests 
to  be  employed  in  weeding  out  men  unfit  for  railway  service. 

The  usual  test  recommended  for  ascertaining  if  any  deficiency 
of  col  our- perception  is  present,  is  that  known  as  Holmgren's  Woo! 
Test.  It  consists  of  placing  before  the  candidate  a  heap  of  forty 
or  fifty  skeins  of  Berlin  wool,  of  various  colours  and  shades  of 
colour.  The  examiner  picks  out  one  of  the  skeins,  and  directs  the 
candidate  to  match  it  in  colour — irrespective  of  shadcj  with  all  the 
other  skeins  which  at  all  resemble  it.  Should  a  mistake  be  made, 
the  candidate  is  at  once  rejected,  but  should  he  accomplish  the 
task  satisfactorily  another  skein  difl*ering  entirely  in  colour  from 
the  first  is  presented  to  him,  with  instructions  to  proceed  as  before. 
A  mistake  will  here  again  reject  the  man.  A  third  skein  is  used 
if  the  second  ordeal  is  passed,  on  the  same  terms  as  the  other 
two. 

Many  railway  companies  have  hitherto  been  singularly  lax  in 
their  methods  of  examining  men  for  colournlefect.  They  have 
often  satisfied  themselves  with  directing  a  foreman  to  test  the 
man  with  a  so-called  '  test-card.'    I'his  is  merely  a  stout  piece  of 
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paper  divided  Into  a  few  squares^  each  of  a  di0erent  colour,  atnl 
any  mutt  able  to  nam^  each  uf  the  squares  is  considered  fit  for 
duty.  It  is  quite  easy  to  procure  these  cards,  find  the  candidates 
can  readily  be  instructed  beforehand  so  as  to  give  correct  repliea. 
Obviously  the  system  is  useless.  Another  plan  much  in  vogue,  is 
to  take  the  n^en  out  on  the  line  at  night  and  require  them  to  mune 
the  colour  of  certain  signat-Ughts  indicated.  This  is  quite  as  easy 
a  matter  us  the  otiier,  inuf^mnch  /ls  the  lamps  are  fairly  equaUy 
Ulunmmferl .  and  a  man  who  is  blind  for  green  knows  that  a  green 
lamp  lo*>ks  just  like  a  red  one,  only  much  Jhintcr.  Even  if  he  did 
not  !(m>w  this  and  sinipty  made  guesses,  the  chances  would  lie 
equal  each  time  that  he  named  the  right  colour.  Such  tests  as 
these  are  worse  than  useless,  for  not  only  do  they  not  detect 
colour-blindness,  but  they  foster  a  false  feeling  of  security  which 
by  no  means  exists. 

There  is  no  doubt  that  the  prirtctpff  tif  the  Holmgren  Wool  Test 
is  the  best,  and  thia  method  of  examining  candidates  should  always 
be  used,  with,  however^  the  addition  of  a  luminous  test  to  ierret 
out  any  cases  of  deficiency  which  may  have  escaped  detection  by 
means  of  the  wools.  No  lantern  test  is  of  any  use  unlrss  the 
briWwncif  of  the  tffaminaiion  can  be  greatly  and  (juickltf  varied^ 
however  many  piece*  of  coloured  glass  il  may  contain.  With 
lanterns  deHcient  in  this  feature,  the  examiner  is  placed  in 
very  similar  conditions  to  those  of  the  men  tested  by  real  signal- 
lights  ;  a  man  who  is  conscious  of  his  defect  may  oficu  pass  such 
tests  to  the  complete  satisfaction  of  the  examiner.  But  place  this 
man  on  a  locomotive,  let  the  weather  be  misty,  the  distance  fhom 
the  signal  uncertain^  and  that  man  will  be  absolutely  imablc— 
perhaps  in  a  moment  of  imminent  peril— to  decide  whether  the 
dim  light  before  htm  is  red  or  green.  It  has  been  computed  that 
about  lour  per  cent,  of  the  male  population  is  colour*blind  from 
birtht  and  not  a  few  more  eases  are  traceable  to  tobact^o-^moking. 
It  is  therefore  obvious  that  not  only  should  all  railway  sen'aiits 
whose  duties  necessitate  the  recognitiou  of  signals  be  thoroughly 
tested,  but  al&o  that  they  should  he  tested  Jrequtnttfy. 

An  instnimtnt  named  the  'Telechrome  '  has  been  for  some  time 
in  constant  use  at  the  Admiralty^  which  has  been  found  by  the  naval 
medical  authorities  to  work  admirably.  This  irstrumciit,  deviKcil 
by  Mr.  St.  Chiir  Buxton,  one  of  the  surgeons  to  the  Western 
Ophthalmic  HospiLiU,  con.<(ists  essentially  of  two  [mrts ;  a  lantern, 
in  which  llic  brilliancy  of  the  illumination  can  be  rapidly  varied 
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by  moving  the  arm  of  a  lever,  and  a  metal  disc  placed  vertically 
in  front  of  the  lantern.  The  disc  turns  upon  its  axis  at  the 
pleasure  of  the  examiner,  and  it  carries  a  number  of  coloured 
glasses  set  in  small  apertures  near  its  periphery.  Light  from  the 
lantern  can  only  pass  through  one  of  the  coloured  glasses  at  any 
given  time,  and  the  candidate  (who  has  previously  been  tested 
with  Holmgren's  wools)  is  required  to  match  a  skein  of  Berlin  wool 
with  any  similar  colours  he  may  be  shown  in  the  Telechrome, 
irrespective  of  their  brilliancy.  A  colour-blind  man  who  has 
managed  to  pass  the  Holmgren  wool  portion  of  the  examination, 
thus  finds  himself  confronted  by  a  far  more  severe  test,  and  one 
which  be  cannot  be  '  coached  up '  in.  A  faint-coloured  ray  from  the 
Telechrome  is  more  likely  to  be  confused  with  its  complementary 
colour  in  Berlin  wool,  than  would  two  skeins  of  Berlin  wool  each 
complementary  to  the  other.  In  using  the  Telechrome,  therefore, 
the  examiner  shows  each  of  the  coloured  rays  (not  in  regular 
succession,  but  in  irregular  order)  several  times,  and  each  time 
with  different  degrees  of  luminosity.  If  the  candidate  shows  no 
hesitation  in  matching  or  rejecting  colours  when  given  first  a  red 
skein,  then  a  pale  green  one,  and  finally  a  buff  one,  it  may  be 
safely  taken  for  granted  that  his  vision  is  normal. 

It  was  stated  in  evidence  given  before  the  committee  recently 
appointed  by  the  Royal  Society  to  inquire  into  the  subject  of 
colour-blindness  and  colour  tests,  that  no  candidate  who  had  once 
failed  to  pass  the  Admiralty  colour-tests,  liad  ever  succeeded  in 
satisfying  the  examiners  on  subsequent  occasions. 

No  test,  however  good  in  itself,  can  be  relied  on  unless  the  skill 
and  knowledge  of  the  examiner  are  beyond  question.  The  time 
and  care  necessary  to  employ  any  test  adequately  is  necessarily 
long  and  great ;  but  is  of  small  moment  compared  with  the  serious 
risks  to  life  and  property  which  must  be  incurred,  when  men  are 
intrusted  with  the  charge  of  trains,  without  having  been  sub- 
jected to  the  most  searching  examination. 
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Adjai  Bridge  an  East  Indian  Railway, 

Agra  C&nal,  the,  165-167,  52S ;  con* 
sUuctiuii  3Jid  weir  of,  166  i  loul 
lenplli  nf,  166;  Injiik  rond  from, 
to  Bombay  tonstrucltd,  85;  Agro- 
Jumna  lif^dge  on  Kn}t>utanii- 
Malwa  State  Railway,  406.  543 ; 
branch  of  East  InJiiivn  Rjiilway  lu^ 

Agriculture,    Sfe  Wotks. 
Ajmirtc  district,  storage  lanks  ^f,  J^^i, 
182. 

Akbar,  Canal  Acl  of  the  Emperorp  tSJ. 
Atc]iy»  U|;ht house  at,  5it. 
Atctarulrs-Chenab  i)ridg)e  Oti  Noflh- 

Wcitcm  kailway,  54^. 
Alguarda  Rwi,  Lighthouse  at,  520, 
Aliahaba(l-Jumn.\  Undgcon  Indian 

Kailwfly,  dcTAils  of,  jj6  338E,  539. 
'  Alices"  «<r  rrtads  uf  Asaam,  71, 
All[»nrt,  ISii  James,  ''n  coal  IralTic  in 

Kn^land,  14. 
All   Miirdaii  Khnti,    136 ;  constructs 

branch  uf  canal  In  Delhi,  127,  13S  ; 

canal  on  lefi  honl  of  Jumna  con- 

>tivictcti  Ijy,  128,  t4^». 
Artiitdjliarl,  tialtvc  tc^ervoir  at,  465, 

464,  471, 

Amrttsar,  Ifu^U  Canni  extended  to,  128. 
Anhu/s,  earth  -  ctnbankmcntt  with 
masonry  sluices^  114,  tT5,  116;  on 
the  Godavcry,  190  ;  on  the  Kal- 
eiun  liv'ci,  1S7,  ISS  ;  un  Kaicti 
rivcr»  1H6 ;  vn  the  Kialna  river  at 
Scxvada,  191  ;  I'^lar  and  Lower 
iCalcnin.  198,  199*  on  Pcnnaif  river 
ncftt  Nc11c>te«  193 ;  Srivatkunthnm* 
192,  193,  530;  on  the  Tamtjfttpurnt, 

Aftik'Tsdii,  Dr.  pru|N>8es  rails  vn  lutn- 

1     -  r....1-, 
A;  ofiomeof  the 

..f  Inaia,  S3t>- 
J4J  ;  ijcii-  .  -1  of  Canals  fur 

all    India.  ,    533  ;  llen^al 

CanaU.     lii')^  >j,     529 ;  H^milay 


Canals,  1890-91 ,  553;  Madras 
Canals,  1S90-91,  530;  Norih-Wesl 
Provinces  CanaESp  1SS9-OO,  ; 
Punjab  Canals  1S90-91,  537;  Scinde 
Canals,  iSS^-go,  531  ;  Slnt<nienl 
showin^^  the  quanltly  in  tons  of  coal 
pioduceii  in  India  during  the  last 
twelve  years,  546 ;  irrigation  and 
navi^lion  woiks  for  which  capital 
and  revenoe  accounts  urc  Itfpii 
S34 ;  main  results  of  wnrkinj;  all 
Indian  r;iil»ays  for  the  year  i-nding 
315I  i>eceml3cr  i8*>lt  544  ;  particulars 
of  important  tunnels  on  Tndiait 
railways,  543.    Sm  aho  Tahles. 

Aqucdmci,  genefflt  descrijnion  of  an,  151 ; 
Bquediicl  over  rhe  ^>i>Uin  Kiver,  IJI- 
<57  »  Negitml-Mid,  12S ;  on  Lower 
Ganges  CanaT at  Nadrai*  162-165, 

Areot,  position  ^f*  misplaccrl  tn  early 
sur\tys,  41  J  Kavcii  I'auk  Tank  in 
Nmth,  iiS. 

Arrah  bmnch  of  the  Sone  Canal»  177. 

Artesian  wells,  434,  49a 

Assam,  ancient  nalivr  road  works  in, 
70  7J  !  quantity  of  coal  produced  in 
during  1S84-91,  546. 

Allock  a  base  for  the  survey,  S3i  M« 
56,  57 ;  (own  and  fort  of,  sj ; 
difficulty  of  crossing  ihe  Indus  at,  87. 
8S:  Attock-Indus  Hri^lye,  tm  the 
North -Western  Kad  wny,  3S2-3S9, 
541  !  site  selected  for,  384  ;  deMi;n 
of.  385;  gilder*  and  vpam  of,  3K5» 
jS6  ;  ilivcrs  employed  at,  386 ;  pier 
column*  of,  387;  erection  of  gird  en 
oft  3H9;  ^»   of,  3S91 

tunnel  under  the  InduA  nl,  SS,  S9; 
bridge  constructed  inBtead  of,  89. 

Aximguih,  roads  coiulrycled  in  district 
of,  SSi 

Bahak,  early  «irvey  of,  35. 
Itohawolpar,  innndatifrn  canals  to  Slate 

of,  113. 

llala^vali- Cancel  Bridge  on  Oudh  and 
Rohilktmd  Railway,  371.  S-*^- 


550  PUBLIC  WORKS  OF  INDIA 


Ballast  on  railways,  264,  265. 
Baluchistan,  quantity  of  coal  produced 

in,  during  1887-91,  546. 
Bangalore,  base  of  verificaticm  measured 

near,  39,  40 ;  a  base  for  the  survey, 

55.  S6- 

Bareilly  distnct,  roads  constrocted  in 
the,  1839-44,  85. 

Bari  Doab  Canal,  138-140,  527 ;  head- 
works,  weir,  etc.  of,  139 ;  total  length 
of,  140 ;  constructed  under  Shah 
Jehan,  128 ;  inundation  canals  for- 
merly numerous  in,  III. 

BarurTank  Canal,  1890-91,  530. 

*  Base-line '  in  land  surveying,  26,  49- 
51.  53-56- 

Base-lines  established  during  prc^ess 
of  Great  Trigonometrical  Survey, 
38,  39.  40,  42.  44,  46.  47»  48. 

Beas  river,  connected  with  inundation 
canals,  iii,  KX2 ;  bri^e  on  the 
North- Western  Railway,  541. 

Beder,  a  base  of  the  survey,  iS,  49,  56. 

Behar,  rainfall  in,  107  ;  Artificial  irri- 
gation in,  169. 

Behea  Canal,  branch  of  the  Sone,  177. 

Bembo,  Cardinal,  497. 

Bengal  Presidency,  early  survey  of,  35  ; 
remains  of  ancient  roads  in,  70; 
water-carriage  system  of  eastern,  86  ; 
rainfall  in  eastern  districts  of,  107 ; 
quantity  of  coal  produced  in,  during 
1880-91,  546;  canal  system  in,  169- 
171,  529,  533;  irrigation  works  of, 
169-182  ;  general  rcbuUs  of  irriga- 
tion works  of,  180,  181. 

Bentinck,  Lord  William,  road  construc- 
tion inaugurated  by,  73,  81. 
.  Beosi,  bridge  over  the,  near  Saugor, 

93.94- 
Berars,  Roads  in  the,  90. 
Berkeley,   James,    railway  engineer, 

surveys  of,  314,  315. 
Berm,  a  horizontal  bench  of  earthwork, 

467. 

Beropa  river,  weir  on  Orissa  canal  at, 
174. 

Betwa  Canal  near  Paricha,  167,  168, 
528. 

Bezvada,  anicut  on  Kistna  river  at, 
191  ;  bridge  on  East  Coast  Railway 
at,  409. 

BhandaraSf  ancient  weirs,  116. 
Bhasavul,  junction  station  on  Great 

Indian  Peninsula  Railway,  35 1,  352. 
Bhat^jhar  Reservoir,  210,  211. 
Bhecma  river,  bridge  over,  359. 
Bhima  Bridge  on  Southern  Mahratta 

Railway,  542. 
BhoreGhat,  418;  militaryroad  through 


the,  80,  315 ;  proposed  railway  by, 
300,  314,  315,  316 ;  incline  of  Great 
Indian  Peninsula  Railway  throneh, 
353-358;  tunnels  of,  543;  rainbll 
in,  358. 

Bhortonk,  tunnel  of,  543. 

Bigari  Cimal,  Scinde,  205,  531 ;  on 
the  Indus  below  Sukkur>  andent, 
III. 

Bignor  Canals   in   the  Moradahad 

District,  168. 
Bijayaangar,  Rajahs  of,  115. 
Blane,  Oiptain,  Feroze  Shah's  Hissar 

Canal  restored  by,  136. 
Blenkinsop,  Mr.,  invention  of,  228. 
Block-system  of  signalling  on  railways, 

286,  287. 

Board  of  Trade  requirements  anent 

railways,  245-249. 
Bolan  Pass,  construction  of  railway  to, 

398,  399- 

Bombay,  annual  rainfall  in,  108,  447 ; 
trunk  road  between,  and  A^ra, 
constructed,  85  ;  Presidency,  roads 
in,  91 ;  a  port  and  railway  centre, 
299  ;  experimental  railway  from,  to 
CalUan,  309 ;  station  of  Great  Indian 
Peninsula  lUilway  in,  347,  348 ; 
commercial  harbour  of,  509,  510 ; 
*  Prongs '  Lighthouse  at,  520,  521 ; 
population  of,  445,  446,  447  ;  Presi- 
dency, bhandaras  or  ancient  weirs  in, 
116;  canals,  general  results,  212- 
215  ;  Proper,  canals  of,  206  ;  Presi- 
dency, irrigation  works  of,  204-215  ; 
Presidency,  canals  and  public  works 
of,  1890-91,  532,  533;  deficiency 
and  impurity  of  water  in,  446 ; 
waterworks,  1856-1892,  445-454. 
Booking-oflice  on  railways,  278. 
*  Bor  Allee  '  of  Assam,  71,  72. 
Brahmani  Delta,  Irrigation  of,  171, 
172  ;  bridge  on  East  Indian  Railway, 
331. 

Braithwaite  and  Ericson,  locomotive 
,    of,  234. 

,  Bramhope  Tunnel,  near  Leeds,  261. 
{  Breakwater  at  Manora,  Bombay,  con- 
struction of,  5x1,  512. 
i  Bridges: — 

Bridges  and  roads,  annual  cxpen- 
!        diture  on,  5 ;    on  Indian  roads, 
I        types  of,  92  ;  built  in  Bareilly  dis- 
trict, 1839-44,  85  ,*  on  line  of  Grand 
I        Trunk  Road,  82,  S3 ;  in  Mysore, 
remains  of  ancient,  70;  constructed 
J        by  Mogul  Emperors,  68  ;  in  India, 
conditions  afiecting  site  and  form 
I       of,  362-364;  method  of  founding 
I       piers  of,  in  sandy  beds,  328,  339 ; 
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in  India,  pnrtictilArs  of  some  of  the 
large  railwny,  $39^54^:  lUt  nf  the 
larccst.  ill  the  worlJ,  261  ;  Alex- 
onara  Chcnfth,  .oa  ihu*  Nonh- 
WealL-TTi  kailway,  382,  54I  ;  Alla- 
haha-cijumnn  on  Kasi  Indian 
Kailwa)'.  336-338  :  AUrKrk- Indus, 
on  Nntlli-Wcsicrti  Railway,  382- 
3^9*  541 :  Balflwali.  on  Oudh 
atid  RoKilkun*!  Kailwayj  371, 
540 :  fieo^i  on  NKrih-Westem 
Knilw&y,  541  ;  over  the  [leosi  near 
Sftugor,  9j,  94;  IJetwa-LaUi- 
|iur,  un  Indinn  Midland  Kaila'ny, 
40S.  540;  Hctwa-M^nikpur,  on 
Indiw)  Midland  Kailway,  40S.  540; 
over  Bhcctnn  river»  359 ;  Bhima, 
on  Southcrt)  iMtOuuua  KftiJway, 
42 ;  Li^  Bhoie  Ghiii  on  deal 
ndiaji  Pcnm;>iil»  Railway,  356 ; 
Britannia  tubular^  2dl ;  CawpipgrVi 
on  Oudh  and  Rohilkund  Kaifwuyp 
370.  J7i  1  t.'bambul,  on  Indian 
Miulond  KaiJway,  40£,  540  ;  Che- 
nab- Alexandra,  on  NDrth^\Veslcm 
KsUway,.  3S2  ;  Cheycr,  on  Mn.Hr»i5 
Railway,  361,  S39  J  Chilrav.ilt,  on 
Madras  Uai1wa>i  360,  539 1  Citt- 
citinali,  Ohio}  261  ;  DamucLi,  on 
Bc;nga^K£tj;[)ur  Railway,  407,  §40  ; 
Delhijunma,  un  East  Iqdian  Kail- 
Jl'^'  339  ;  Dotabflvi,  on 
isouihcrn  Mahratta  Railway,  542; 
Uullcrin^  ai  B^nntrs,  on  Ou<lh 
KohilkimJ  Railway,  37l'3So, 
$40;  on  Ea^t  Iini<.iian  Railway, 
a.lohg  l<iw-I}'ing  portions  of  Gan- 
ges valley,  331  ;  Eeb,  on  Ben^aU 
Na^pur  Railway^  54^1  Eoinrc?** 
Sullcj,  Aflamwahan.  on  Norib- 
AVcitrm  Railu  .  ■'- '  tlic 
Forlh,  261  :  "  •  \  aIj,  on 

Oudii  "-.u'l        r,, ,  1  ,  "^^,540; 

iliti..  <ic,  on  Uiiiln  and 

Roll-  iwny,  540;  Ganf^es- 

Kaji;U;il|  Uudh  and  Kdhilkuiid 
Kailway,  540;  Gorai.  on  Eastern 
Ikn^al  Kailway,  365  370.  5391 
^lumti -JiunjKire,  on  Uiidh  and 
Rohilkund  Railway,  6i$  jo,  540; 
over  the  Gunkti  ;it  Lwcknow,  94, 
95 :  Cundak.  un  TUfmot  Rail- 
way, 542;  E]aj*arit  Qn  Southern 
Mahratta  R.iMway,  542;  Hawk»- 
,  261  ;  IlMlnhar,  on  East  Indian 
way,  332  :  ininur,  on  Indian 
'and  kailway,  ■  Tl,  'Mm- 
Viclorifl.  on  Norlh  [- 

way,  3Si  541  s  Juf'J          ,  ■  iy, 

on  Easl  Inttiai;  Railway,  Jjt^-346, 


539!  Jumna-Agra,  on  RajpuUna- 
Malwa  State  Railway,  406,  543; 
Jumna-AJlahaliad,  on  East  Indian 
Railway,  539;  Jumna  Delhi,  on 
East  [ndi&Q  H^ilway^  539  j  Jumna^ 
Kalpi,  on  Indian  Midl&nil  RatlsA-ay, 
40S,  540 :  Jumnn-Mutrap  on  Raj- 
putana<MAl\i'a  SiMc  Railway,  40S, 
542;  Jumna-Saharanpul,  on  Nonh- 
Westcm  Railway,  541  ;  Raiscf-i- 
Hlnd,  at  Fei'u£i;[>oret  on  Nurth- 
W*:5lcrn  Railway,  382,  S4I  ; 
Kanhan,  on  Bengal -Nagpur  Rail- 
way, 91,  96-104,  540;  over  the 
Ivavcri  near  Seringapolani,  Native, 
70;  Keeul.on  East  Indian  Railway, 
332;  Ken-Randa,  on  Indian  Mid*^ 
land  Rati  way,  40$,  540:  Kistna, 
onGreat  Indiivn  lVnin}iida,  Rsilway, 
359,539;  KtUna-]j(:2vada,on  Easl 
Coo^t  Railway,  409 ;  Kistna* 
Byapuf,  on  bouihcm  MahratU 
Kailway,  542;  Kisina-Poonji,  on 
Southern  Mahratta  Railway,  541 ; 
Lan^Dwne,  Sukkur  •  Imlus,  on 
JJorlh- Western  Railway,  261,  390- 
395»  54'  >  Lclajaum,  on  Grand 
Trunk  Rixid,  S2,  84  ;  across  Manda 
Shcyt  ravines,  350;  Ncrbuddii,  on 
Bhopal  Itarsi  Railway,  540 ;  Nrr- 
bu«lcJa,  on  Bombay,  Barudji,  and 
Central  Indiu  Railway,  405,  539 ; 
NerbiiddA,  on  Gr«ai  Indian  iVntn- 
sula  Kailway,  352,  35  ^,  539  ■  Ncr- 
budda,  on  Rajputana-Malwa  State 
Railway,  406,  542  ;  Niagara  River, 
36t  ;  Vapaghni,  on  Mftdraii  Rail- 
way, 361,539;  Penncr, on  Madras 
Railway,  360,  539  ;  Kajghat,  on 
Oudh  and  Rohilkund  Railway,  371, 
54a;  minni^  tvn  Rajipuiaua-Malwa 
Statt  Railway,  406  ;  Rnncrgunj^, 
vn  Oudh  and  Rohilkund  Railwa^y, 
540  ;  Rapti.  on  Itcngal  and  North* 
watcm  Kail  way »  542;  Ravi,  on 
Korth  •  Wcsletn  Rsilway,  541  ; 
across  Roiwn<lft  mw//.j,  350  j  (lie 
Sdllasl*!,  «>vcf  the  Tantar,  261  ; 
0vcr  Seena  river,  359 :  Sheouath, 
on  Ileni;al-Na{:pur  Railway,  407, 
<ao:  Sbcr-ShahChcnali,  nniiorth* 
W«lem  Railway,  3S2,  ^41 :  across 
Sion  nuuah  on  (ircac  Indian  l*cn- 
inaula  Railway,  348  :  over  Ihe 
Sohan  on  Lahore  ai^d  rc«hauur 
road,  95.  96;  Solani,  4<n  Oudh  and 
Rohilkund  Rl1l^^  '  t-.  r ^.jo  ; 
Sonc,  on  Eait  1 

336*  539  S  '^ak 
Road,  S3;  ^ukkur  ChiUiocl,  on 
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North- Western  Railway  389,  390, 
541 ;  SutIej,onNorth-Westem  Rail- 
way, 382;  over  the  Tambrapumi  in 
Tinnevelly,  Palamcotta,  95  ;  Tapti, 
on  Bombay,  Baroda,  and  Cen- 
tral India  Railway,  405,  539  ; 
Tapti,  on  Great  Indian  Peninsula 
Railway,  352,  539;  over  Tonse 
river  on  East  Indian  Railway,  336; 
Tungabhadra,  on  Madras  Railway, 
360,  539 ;  over  Firth  of  Tay,  261 ; 
Weingunga,  on  Bengal  •  Nagpur 
Railway,  91,  540. 
Brid^ewater,  Duke  of,  on  beginning  of 

railways,  226. 
Buckingham  Canal,  the,  199-201* 
Bukkur,  island  of,  390,  395. 
*  Bunds '  or  embankments,  roads  in 

Assam  built  as,  71,  119. 
Bungalows,  Staging,  provided  on  public 

roads,  78,  79. 
Burma,  extension  of  survey  to,  55  ; 

railways  of,  41a 
Buxar  Canal,  branch  of  the  Sone,  177. 
Byapur  -  Kistna  Bridge  on  Southern 

Mahratta  Railway,  542. 
BycuUa,  locomotive  workshops,  etc.  of 
Groat  Indian  Peninsula  Railway  at, 
J47. 

CaiI.I.K,  Abbe  de  la.  44. 
CaKnma  .1  base  for  the  survey,  46,  50, 
51.  5.1.  54.  55'  S"^*'  57;  'Calcutta 
loii{;itu«Iinal  scries  '  of  triangulations, 
40.  dloutia-narjceling  Road,  86; 
Calcutta  and  Kastcrn  Canals,  179: 
a  fH^rt  and  railway  centre,  299  ;  its 
jM-^ition  as  a  railway  terminus.  317, 
,;iS  :  exiH'iimcntal  railway  frvun,  to 
Vandi:,*,  JJ*>5 ;  Port  of,  50S ;  pro- 
vision of  dooV  acoomnivx:.;:ion  at  or 
near.  51S.  510. 
i".;.'.-'.'^*".-**".  'w.isto  wcirN*  description 

of  n.u:vc.  I3,J.  W4.  ! 
^\xlljan,    v»;n.".ion  -  staiion  v»n  Great  ' 

luvlian  Vcnjnsu'iA  Kii'.w-ay.  j;40. 
Cm  sls  :-- 

•  ^.'anal  Ao:  *  v^'.:- F:*.VjVrvV 
AkA\r,  IJ7  :  r.r.v.'.0'.al  :e>.:;:s  of 
ou'.'.ay  on.  17 ;  sr.  ;::;jes  of 
famine,  :m5'**r'..'.r.0i'  .';:he.  iS; 
wa:cr  lor  ::i:sa:iov.  o>:a:r.i.\:  Vy 
nuuns  of,  k>J:  :r.ur:.-.-.::.'r..  is 
>ouioes  of  maifi-s-i-j^y.  "3: 


heavies;  %\o:xS  r.  coRr.iv::o"  w 
I 14J  :  two  vr^ntii-v  c'.a&s^ 
131,  *:e-.^#,  :V.'.>.  .t. 


watercourses,  134;  dams,  wein, 

and  scouring-sluices  on,  133, 142; 
list  of  projected,  214;  aqiMSdocL 
See  Aqueducti 
Agra,  tne,  165-167,  528;  Anah, 
branch  of  the  Soncy  177;  Ban 
Doab,  construction  of  the,  13s- 
140,  527 ;  in  the  Ban  Doab  coo- 
structed  under  Shah  Jehan,  128; 
Barur  Tank,  1890^1, 530  ;  Bebea, 
branch  of  the  Sone,  177 ;  system 
in  Bengal  Presidency,  general  ovt- 
line  of,  169-171,  529,  533 ;  Bctwa, 
near  Paricha,  167,  168,  528; 
Bigari,  Scinde,  205,  531 ;  andeot 
Bigari,  on  the  Indus  below  Suk- 
kur,  III;  Bignor,  in  the  Morada- 
bad  district,  168;  in  Bombay 
Presidency,  532,  533  ;  of  Bombar 
proper,  206  ;  Buckingham,  in 
Madras,  199-201 ;  Buxar,  faianch 
of  the  Sone,  177 ;  Calcutu  and 
Eastern,  179;  Chenab,  142,  143. 
527  ;  Chowsa,  branch  of  the  Scxic, 
177;  Cochrane's  199,  200;  the 
Descrrt,  205 ;  Dumaon,  branch  of 
the  Sone,  177  ;  Dun,  between  the 
Jumna  and  Ganges  168 ;  the  Edeiii 
180 ;  Ekruk  Tank  near  Sholapur, 
45S-457.  532 ;  Fuleli,  from  Hyder- 
abad, III,  531  ;  Gaja  Guni,  fed  by 
a  dam,  iil  ;  from  the  Ganges, 
detailed  account  of,  147-159; 
Low  er  Ganges,  loi- 165,  ; 
Upper  Ganges,  52S  ;  Ghar,  lSS9- 
9O1  ;  ol  Gouavery  Delta,  189- 
i  Hatbinati,  211, 

212,  332 ;  Hidgellee  tidal,  17b, 
179,  529;  Hiisar,  restoration  o:, 
130  ;    liusli,  ;  Hyderabad, 

ii>9-90,  531  ;  inundation,  in  the 
Invius  baa-in,  204  ;  Jajepore,  the, 
174  :  jamda,  in  the  Ucccan,  207  ; 
Snahjehan's,  restoration  of,  136 ; 
Jumna.  17;  the  Eaitem  Jumna, 
146.  147,  105,  52Ji  ;  Western 
Jumna,  oeveiopnient  and  con- 
s:r-c:ion  cl  the,  136-138,  527  J 
from  Jumiui  to  His&ar  consirucled 
by  Kerore  ^hah,  126;  on  left  bank 
01  Jumna  conslruciea  by  Ali  Mur- 
can  Khan,  Kadva  Kiver 

\Vocks,  I^90-91, 532  ;  Kanwah,  on 
the  Suiie;,  II2 :  Karachi,  m  ili89- 
00,  531  :  Kavcri  Delta,  1S6-1S9, 
53c;  '.he  Ken.irapumi,  1 74:  «i 
!N!:>;r.a  celu,  191.  192,  530;  the 
Kr.shr-i.  xfj,  532 ;  Kuraoal- 
C--ii?ia,  I94-I99>  530? 
M^;i:Mr.,  l^kO;  in  Macros  Pre- 
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sidcncyt  ly,  530,  533;  nearMeeful; 
remains  old  uadvc,  129;  Mlias- 
vu«ll  Tank,  53^  ?  Miilnnpore, 

533;  Ka<»tcin  Nam,  205,  531  ;  thr 
NiroL,  2ia  532  ;  of  ihc  Nonh-West 
Provinces,  528  ;  Oris^  system  of, 
171.  "73'»7S.  (79.  5^9;  Lower 
I'anghm^  53a  :  T'atiia  Branch,  176  ; 
&(  J^cniiJii  delta,  5 JO;  in 

Poihawur,  fcmains  »jf  nnciL'tit,  130  ; 
Pravntn  (Lnkli  Can.il),  li^-gi, 
5^*  »  in  the  Funjiib  *ysicm  of  pro- 
vincial, jj6,  527 :  tnuml*iion  in 
the  I'unjab,  143,  144;  of  Putijub, 
gcncFAl  resulls  i>f  conslrucLion  of, 
145  ;  Koliilkund,  in  the  liarcilly 
district,  16S;  Sangam  irrigalion, 
i9Ji  530 1  tht"  Sarun,  1791  iSq; 
Scindf  inundation^  204,  305,  $31, 
533;  Shikapur,  531;  Sidhnai, 
143,  144,  5^7  ;  Sirhind  (firiti&li) 
140-142,  527;  Sirhind,  old 
native,  129,  537;  Sohng,  on  ihc 
Sullejf  112;  Lowct  Sohng  and 
Para,  r43»  527:  lh<  Sane,  175- 
178^  529;  Main  Western  Jiranch 
of  Sone,  177 ;  SoonkcMila*  tlic, 
194-199;  -SiivAikutitliam  Anicut,, 
192.  I9J>  Sl^i  fiver,  142* 

5*7  :  Unhaiwali,  Scindc,  205* 

OfcTAvansarieii  on  public  romdi^  72. 

Camaiie,  Waicr  unks  in  the,  117. 

Caste  in  India,  influence  of  railways  on, 

231. 

Caslle  rock,  tuniicT  of,  543. 

Cautlcy^    Sir    I'roby,  oa  the  Ganges 

Canal,  129.  U^.  160. 
Cawnpore'Liangc*  Bridge  on  Oudb  und 

Rohilkund  Knilway^  370,  371,  540. 
Central  India„    Set  Intiia. 

  Province*,  roads  of  tlie,  90,  91, 

i-:  i  :    iiirEiinty  of  ciial  (iruduccd  in, 

^•9i»  S4&- 
^  waicr  reservoir  in,  1 17. 

Ch^jii  u^cd  in  suxveying,  27,  48;  used 
in  the  (irfnt  Indian  TrigonomelHcal 
Survey  iA  Indin,  3S,  39, 
'Chnirs'i.ti  uilwLiy*,  270,  271, 
1  !  .  -I  111  Huilj^e  un  Indiati  MtdUnd 
ly,  40**,  Uo. 
■     III]  Clumk>'  silver  slTccI,  12S« 
CluiinaD,   Mr.,   railway   Kheuic  of, 

Chapri,  dam  across  ihe.  iSi. 
Chaitifgirh,     milwdy    1>ctwcen  the 

^nin  dijtrtcu  of,  aiuI  Na^'^ui,  104. 
Cbcmbninibauknm  Tank  near  Madra^t 

1 18. 

Chcnab  Canal,  142,  14J1  314,  5x7. 


Ctienab'Atcxandra  Bridge  on  Nortli- 

Western  Railway,  3S2, 
Chayer  Itri^Igc  on  Madras  Railwa), 

Chinna  Crevk«  Bombfty,  blocking  of, 

511. 

ChltravAii  Bridge  on  Madras  Railway^ 
^  360,  S39> 

Ch*iody,  the  river,  1 19. 
Cholavernm  Tink,  near  Madras*  461* 
462. 

Chowsfl  Canal,  branch  of  the  Sone, 

177. 

Chuli  ravine,  dam  acTO»  the,  iSi. 

Chupar  Rift,  llumai  Valley^  4OO. 

Cincinnati  Bridg^c,  (he,  261, 

Claik,  G.  T.,  railwsy  loules  of,  300^ 
314;  appointed  engineer,  301* 

Coal  b  li^dia,  426;  quantity  of,  pro- 
duced in  India,  dunng  18:^91,546: 
coal-Belds,  Hyderabad,  soi* 

Cocas  Inland}  lighthuuu;  at,  52a 

Cochrane,  Mr.  Basil,  canal  uf,  J99fr 

300. 

Coffcrdatns,  99-tOi. 

Colabn  Ulsnd.  lighlhouie  on,  530. 

Colby,  Coltjncl,  com|:<>en5^tion  bars  in- 

venlcti  I<y,  43^   46 ;  U5e<i  rn  the 

(jreat  Trigonomctricai  Survey,  46* 

47,  4S»  49- 
Calebrook  Dfltei  price  of  iron  at,  in 

1760V  223. 
Coloar-bUadneM,  lesti  fov,  387,  535- 

538' 

Colijitrs  used  in  railway  ttgnallirtg,  285. 
'  Compensation         usctl  in  tbe  Ctcat 

Trigonomelrical  Survey,  45,  46,  47, 

*8v  49. 

Cotton,  CoL  Sir  Arthur,  eiiKineer  of 
division,  1S7  ;  iriif;atton  oi  M«hanaLlii 
and  liralimani  deltaa  si^csteU  byi 
172. 

C  raw  ford ,  Ca  ptain ,    Bomliay  water- 

5Hpj*ly  sciifinc  of,  447. 
Ctotn  in  Madras  PrcMilency»  principal, 

]$4^ 

Culverts  in  connection  w  ilh  publ  ic 
roads,  76, 

Cummnn,  Guntoor,  lank  of,  ItS,  19ft. 
Cuttark,  wciis  on  ihe  Orisaft  Canala 
ncfti,  173,  174. 

UAnupva,  dam  on  Weiiem  Jumna 

Cannl  at,  137. 
DalhouHe,  l,oid,  Minute  uf,  on  Indian 

railways,  3131  (^ang:es  Canal  upened 

by,  158. 

Dam  on  Kltjindari  nit!/a,  485*  486; 
of  Tansa  re&crvotr,  45J  ;  aciots 
Muiha  fiver,  208,  209 ;  on  the  Vtsur 
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river,  202  ;  across  the  Chapri,  i8i  ; 

across    the    Chuli    ravine,    l8x ; 

'  needle  '  system  of,  144 ;  and  weirs 

on  canals,  133. 
Damuda   Bridge  on  Bengal-Nagpar 

Railway,  407,  540. 
Dehra  Doon,  northern  base  of  the 

Great  Trigonometrical  Survey  fixed 

at,  47.  48,  51.  53»  54.  56.  57. 
Dehree,  weir  across  the  Sone  at,  176, 

177.  178. 

Delhi  to  Jaganalh,  native  road  from 

70  ;  water-supply  scheme  for,  491 ; 

Delhi-Jumna  Bridge  on  East  Indian 

Railway,  539 ;  details  of,  338,  339. 
Delta  irrigation  schemes,  183 ;  forma- 

tion  of  a  river,  171,  172. 
Desert  Canal,  the,  205. 
Dharwar,  road  constructed  to,  from 

Karwar,  513. 
'Dhodur  Allec*  of  Assam,  71. 
Diameter  of  the  earth,  determination 

of  the,  59. 
Diamond  Harbour,   Calcutta,  .docks 

proposed  at,  519. 
Divers  employed  at  Attock  Bridge, 

386. 

Dixon,  Colonel,  storage  tanks  of  Raj- 

putana  initiated  by,  181. 
*Doab*  or  interfluvial  tract,  132,  143 ; 

perennial  canals  of  the,  130,  134, 

142.  See  also  Bari  Doab. 
Dock,  drj%  al  Bombay,  510. 
Dorabavi  Bridge   on  Southern  Mah- 

ratta  Railway,  542. 
Double  Island,  Lighthouse  at,  520. 
Dowlaishweram,  weir  or  anient  on 

Godavcry  at,  1 89,  190. 
Drivers,  native,  numbers  of,  in  i88l- 

1S90,  425. 
Duflerin  Bridge,  Benares,  on  the  Oudh 

and  Kohilkund  Kailway,  371,  540; 

preliminary  considerations,  372,  373; 

commencement  of  operations,  374 ; 

piers  of,  373,  description  of,  375- 

378 ;  superstructure   of,  373,  374, 

37S,  380  ;  total  cost  of,  380. 
Dumaon  Canal,  branch  of  the  Sone, 

177. 

Dun  canals  between  the  Jumna  and 

Ganges,  16S. 
Dwarka  Bridge  on  East  Indian  Rail- 

way,  331. 
Dyar,  H.  G. ,  electrician,  497. 

Earth,  attempts  to  ascertain  the  curv- 
ature of  the,  58-60. 

Earthquake  shock  in  Khojak  Tunnel, 
403. 

Eden  Canal,  the,  iSo. 


Eeb  Bridge  on  Bengal-Nagpur  Railwqr, 
540. 

Ekruk  Canal,  near  ShoUpur,  455, 456, 
457>  532 ;  Tank,  near  Sholi^, 
ao8,  455.  457- 

Electric  telegraph.   Su  Tel^raph. 

Elphinstone,  Lord,  construction  c»  roads 
proposed  by,  73. 

Embankments  on  Railways,  258,  259. 

Empress-Sutl^  Bridge,  Adamwahan, 
on  North- Western  Railway,  3S3, 541. 

Eratosthenes  of  Alexandria,  58. 

Everest,  Colonel,  succeeds  Colonel 
Lambton  on  the  Great  Indian  Tr^o- 
nometrical  Survey,  42,  44  ;  his  work 
on  the  Great  Trigonometrioil  Survey, 
41-51, 

Everest  Mountain  named  after  Colonel 
Everest,  51. 

*  Experiment,'  coach  called  the,  232. 

Famine,  expenditure  on  railways  for 
relief  of,  12, 13  ;  of  1837-38,  Western 
Jumna  Canal  and  the,  138  ;  of 
1876-77,  relief  works  durii^,  200. 

Fares,  passenger,  on  Indian  railwaji, 
422. 

Femel,  Jean,  attempts  to  asoertaia  the 

size  of  the  earth,  58. 
Ferore  Shah,  irrigation  w<h1cs  of,  126, 

127  ;  canal  of,  at  Hissar,  136. 

Ffrench,  Captain,  political  officer  of 

Nimar,  181. 
Fife,  Colonel,  reservoir  scheme  of,  208. 

 Reservoir  near  Poonn,  20S. 

Fog-signals  on  railways,  288. 
Forth  Bridge,  the,  261. 
Foundation-wells  for  bridge-piers.  329. 
Fuleli  canals,  Hyderabad,  111,531. 

Gaja  Guni  Canal  fed  by  a  dam,  ill. 

Ganges,  enormous  flood-spill  of,  330, 
33i>  332,  372;  canal,  upper.  528; 
lower,  160,  528 ;  lower,  weir  of, 
161  ;  scouring  sluices,  162  ;  aque- 
ducts on,  at  Nadrai,  162-165; 
irrigation  of  the  Jumna  Doab,  147- 
'59»  165  ;  head  works  of,  148; 
sluice-gates  of.  148,  149  ;  branches 
into  two,  149 ;  carried  under  the 
Kamipore  torrent,  149  ;  carried  under 
the  Patri  river,  150;  joins  Rutmoo 
torrent,  150 ;  aqueduct  over  the 
Solani  valley,  I5t-i57  ;  opening  of 
the,  158. 

*  Gauge '  of  a  railway,  266  ;  adopted  on 

East  Indian  Kailway,  31 8. 
Gauges  of  earlier  Indian  Railways, 
412-414. 

Gates  on  roads  across  railways,  262. 
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Gliagcar  (sncienlly  *  Sarftswati '),  can- 
nccttd  whh  numerous  inundntign 
canAls,  1 12,  140, 

Ghftr  Cinftls,  iSS^  ^o,  53T. 

ChiUi^  E^ialcin  ai!«l  'VVestein,  296,  297, 
300,  Jll»  3[4-3l&;  Gfcat  Indian 
I*ciii»suU  Itailway  through  Western, 

Gkttrra^  a.  liauij  mcfLfivrc,  4S3. 

Ciodnvcry  Delta  Canals,  iS9-i(>tj  5^0; 
weir  on  ihe  river,  ]S9,  190;  loul 
length  ofiirigBljon  csnaU  of,  191, 

Cold,  absorption  nf,  in  India,  jti, 

Gopervulley,  capikbility  of,  for  a  resfir- 
voir,  447. 

Gomi  Bridge  on  EiLstern  Bengal  Rsil- 

way»  365,  539 ;  deuils  of  cunstmC'^ 

lion  of,  366-370. 
GradienLs  on  railwAy^,  24$. 
Grand  Trunk  Road.    See  Rckad. 
GrsDl,  Colunelt  his  ideas  on  Indian 

railways,  312,  313. 
Gray,  Thomas,  first  proposer  of  system 

of  railway  Iransil,  226,  227, 
Greal  Basses  Lighlhou&c,  Ctr^Jonf  520. 
Gridiron  system  of  land  measurctticnt, 

32.  49.  S3' 
Guddia,    reservoir   constmcted  near 

village  of,  409. 
Gumti^  brid|,*e  over  Lhc,  at  Lurknow^ 

94i  9&  •  Gumti-jauiipore  britl|;e^  on 

Oudh  and  Rohilkund  Railway^  6ji-70, 

540. 

Gtimbk  llridgc  on  Tithoot  Raalway, 

Gumoor  distcici,  irrigation  wotkj  in> 
lift. 


Hack  WORTH,  T.,  locomotive  of»  234. 
]la^nn  Briiljje  on  Southern  Mahratla. 

K.iiUvay,  542. 
n->TiMt|mr  Liikc,  Works  at,  528, 
IlArh-'\its  in  India,  scnrcily  nf,  50S  :  of 

iJ'-uiUay,  509,  510;  of  Karacbii  510- 

51  J. 

Horilinge,  Loid,  Governor-General^  hU 
%icu>un  Indinn  Knilway>(,  306. 

I  f.1-1  iul:*,  Wiifteii,  LiimmcntrraenE  of 
Gt.ni)i;|  Trtink  I\«Kid  unilcr,  81, 

llathmati  C  an.d,  2I  (,  212,  532* 

H.iwke*Uir>'  lVri«lgc,  Lbc^  abi. 

lltdKcllcc  Tidal  Lanal,  17S,  t79»  529. 

ningun>;l)at,  death  of  0>U>ncl  Lambion 
Jt.  4J- 

Hi*^r,  Uunlini*  grouod  of  Emperdr 
Fcroxe  Shah,  canal  to,  1^6,  taj : 
restoration  of»  ]j6. 

Ilol»|[im  wooi-tcsl  lot  colour  bUnd- 

.  DCS,  a88,  536-538 


Horse* tramway,  hi&i  conslructicoi  of 
224, 

liulohnr  river.  Bridge  on  Ea£t  tadiAQ 

lUilwny  over,  332, 
llurn^i  Vjitley,  bridging  and  tunnelling 

of,  399^ 

Hu^li  Cana^l  in  the  Bad  Doali,  12$, 
133  ;  cxlenKion  of^  to  AmritiAr,  12S. 

Hyderalmd,  ca»aU  of,  in  1889-90,531; 
raitifnll  in,  [oS  ;  coaliiirlds  of,  201 ; 
position  of,  nii.'tplaccd  in  c*r]y  sur- 
veys, 41. 

iNtilA,  introduction  of  tallways  in, 
292^  ^109  ;  scarcity  of  harhours  in, 
50!J  ;  tiil^tfcnce  of  Brtif^h  culture  00^ 
293t  294  ;  condition  of,  at  |>criod  of 
English  occu]K\tioni,  293 ;  soil  of, 
297  ;  phi>icrLl  features  of,  294-297  j 
|>rinciij.'i1  livtrs  of,  295,  397  ;  coast- 
line  and  ^ea)xjrt&of,  29\  299  ;  a  nnual 
rainfall  m  different  ^^7* 
loS  ;  survey  of  {t<r  TrigoDomelrico] 
Survey!  ;  ct»al  prtxluci'd  in,  c^uitntity 
of,  during  iSSo-9li  546  ;  jKiriodidly 
of  rainfall  in,  436,  437  ;  water-supply 
of  towns  in,  431  •491. 

 Central,  iuad&  in,  90;  irrigalion 

works  of,  169- 1S2:  qtiiinttly  of  coal 
prtjduced  in,  during  1^84-91,  546. 

Initus,  incrctiAc  uf  the,  duriin;  the  sum- 
mer months,  110;  itiflicittly  uf  ertii^ 
iny  the,  at  Altoclt,  87.  8S  ;  prniMjHed 
tunnel  under  the,  SS,  S9  ;  hrid^ic  in 
place  of  tunnel  built,  S9;  deposit 
urought  down  by  the,  305;  rise  of 
the,  204  ;  severe  flcKHls  of,  3S3,  390 ; 
Sukkur-Rohri  timl^cs  on  the,  3%- 
395- 

lri»n  <*ates,  lunnel  nf»  543. 
Irrigation,  in(^1hud&  of  obtainmy;  water 
for,  109;  Works,  /tvnndcr  Works. 

j.UiANATil  to  Ddbi,  native  road  from^ 

Iiijcporc  Cftrttl,  the,  174- 
)aina  TaLiu  Tank  near  Na^mr,  4&3> 
lamda  canaU  in  Ihc  Dcccan,  207. 
jaiinporv,  bridge  over  the  Gumli  ai, 
68-70. 

Jhin&i,  princii|ial  centre  of  Indian  Ihftd* 
land  Railway,  408  ;  rainfall  in  dis- 
trict of,  40&  ;  LakCf  woikt  at,  jsS. 

Jhelum  Itritlge  on  North  •  Wcatem 
Kailway,  382,  541. 

Jubholpore,  water -rale  in  1K74  in,  483  ; 
wBttr  'rl  iN  ;-.vS9;  eunimcDce* 
n>cii  N  Bl,  4ft4t  485  I 

flo<^.  .m,  486;  walcT- 

towci  bl,  4it7  ;  luiet-jnprt  of  reser- 


1 


566  PUBLIC  WORKS  OF  INDIA 


voir,  487,  488;  total  cost  of,  488, 
489 ;  Khandari,  dam  at,  486 ;  popu- 
lation o(,  483  ;  Great  Deccan  Road 
to,     from    Mirzaporej    85 ;  road 

-  between,  and  Nagpur,  91,  96. 
Jubilee  Bridge  over  the  Hoc^hly,  near 

Calcutta,  340,  539 ;  total  length  of, 
342;  superstructure  of,  342,  343; 
piers  and  pier  caissons  of|  343,  344 ; 
steel  standards  and  girders  of,  344, 
34S< 

Juhaz^  a  ship,  127. 

Jumna,  canals  from  the,  17  ;  the  Agra 
Canal  from  the,  at  Okla,  165-I67 ; 
canal  on  left  bank  of  the,  constructed 
by  Ali  Murdan  Khan,  128  ;  Eastern 
canal,  146,  147,  168,  528 ;  Western 
canals,  development  and  construe* 
tion  of,  136-138,  527. 

Junctions  on  railways,  248. 

Kaisrr-i-Hind  Bridge  at  Ferozepore, 
on  the  North- Western  Railway,  382, 
S4I. 

Kabra  Tank  in  Mairwarra,  181,  182. 
Kadva,  river  works,  1890-91,  532. 
Kalenin  river,  irrigation  works  in  delta 

of,  183;  anicut  on  the,  187,  18S. 
Kaliana,  observatory  established  at,  48. 
Kalianpur,  observatory  established  at, 

48. 

Kali  Nadi  river,  the  Nadrai  aqueducts 
over  the,  162-165. 

Kalpi-Jumna  Bridge  on  Indian  Mid- 
land Railway,  408,  $40. 

Kanhan,  bridge  over  the  river,  at 
Knmlhi,  91,  540;  description  of,  96; 
construction  of,  98,  99 ;  foundations 
and  cofferdams  of,  99,  100;  piers 
and  abutments  of,  lOl  ;  timber 
centres  and  arches  of,  102,  103 ; 
upper  line  of,  103  ;  temporarily  used 
to  carry  a  narrow-gauge  railway, 
104. 

Kanwah  Canal  on  the  Sutlej,  112. 

Karachi,  waterworks  of,  477-482  ; 
water-supply  obtained  from  Malir 
river,  478,  479 ;  total  cost  of  and 
amount  of  sujiply,  481, 482 ;  masonry 
conduit  of,  480;  inlet  pipe  of,  481  ; 
manner  of  distributing  the  water, 

-  481  ;  canals,  1889-90,  531  ;  a  base 
for  the  survey,  51,  53,  S4»  S^,  57; 
a  port  and  railway  centre,  299 ; 
Manora  light  at,  520;  details  of 
harbour  of,  510-513, 

Karampallam,  tank  at,  193. 
Karez,  tunnel  of,  543. 
Karwar,  port  of,  its  capabilities  as  a 
harbour  of  refuge,  513;  landing- 


stage  and  lighthouse  built  at,  513, 
521. 

Kater,  Lieutenant,  assistant  to  Colonel 
Lambton,  38,  40. 

Kaveri  Pauk  Tank  in  North  Arcot,  1 18 ; 
native  bridge  over  the  river  near 
Serinmpatam,  70;  onicnty  across 
bed  of,  XI4,  186;  delta  canals,  z86- 
f  irrigaticm  works  in  the 
delta,  1 14,  183 ;  total  length  of  ini* 
gation  canals  in  the  delta,  1S8. 

Keamari,  island  of,  510,  5x1  ;  landing- 
pier  and  wharfage  constnicted  at, 
513- 

Keeul  river,  bridge  on  East  Indian 
Railway,  332. 

Ken  bridge  on  Indian  Midland  Rail- 
way, 408,  540. 

Kendrapurni  canal,  the,  174. 

Kennedy,  Colonel,  theories  of,  on 
Indian  railways,  310-312,  315. 

'Khadir,'  low  valley  land  of  the 
Ganges,  I49»  'St- 

Khalif  Al  Mamun,  58. 

Khandari  nulla,  Jubbulpore,  reservoir 
on,  484,  485. 

Khandesh,  bhandaras  in,  1 16. 

Khojak  tunnel  on  North-Westem  Rail- 
way, details  of,  261,  399,  401-404, 
543. 

Khwaja,   Aroran  range,  earthquake 

shock  in,  402. 
Kidderpore,  construction  of  docks  at, 

519,  520;  difficulty  in  raising  funds 

for,  519. 

Killingworth  colliery,  first  locomotive 
at,  229. 

Kistna  Bridge  on  Great  Indian  Pen- 
insula Railway,  359,  539 ;  weir 
on  the  river,  191,  192;  total  length 
of  irrigation  canals  of,  192  ;  canals 
on  the  delta  of,  191,  192,  530. 

Kortalayar  river,  Madras  waterworks 
fed  from,  461. 

Krishna  canal,  207,  532. 

 Shoal  lighthouse  in  the  Gulf  of 

Marlaban,  520. 

Kunka,  gravel  used  in  road  building, 
74.  77,  78,  82,  95,  297. 

Kurnool-Cuddapah  canal,  194-199, 530. 

Lachma  lake  tank  in  Nimar  district, 
181. 

Lahore,  situation  and  population  of, 

472  ;  peculiar  aspects  of  streets  of, 

473  ;  waterworks  of,  472-477  ;  water- 
supply  in  the  city,  476 ;  accident  to 
service  reservoir,  477 ;  rate  charged 
for  water  in,  477 ;  formation  of 
water-works  of,  475  j  service  reser- 
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voir  of,  476 ;  and  Peshtiwur  roid, 
Itritlj^f  «ivcr  {he  Sohon  on  the,  9S»  96, 
Shah  Jrfian's  gardtn  al,  138. 
"puf-Helwa,  Uridj^  on  Indian  Mid' 
d  Railway,  408,  540, 
btril},  Cjlonel  William^  hU  work 
on  the  Great  Indian  Trigonomclricfll 
Sttfvcy  of  India,  ;  referred  to, 

4S»  49.  55- 

Noith-^Vcitcm  Railway,  detfiiU  of, 
a6i,  3')o-}*)S.  54<- 
Lelajoum,  Grnnd  Trunk  Road  bridge 
over  the.  S2.  84. 

"age  t:onstrucls  electric  Iclegraphf 
197. 

l.*i:hlhou»e5,  Alupy,  521  ;  TuLicurin, 
52r  ;  Karw.it,  ^21  ;  DoiiMc:  UUnd, 
zo ;  Coc'js  Islnndi  520;  Colabx 
ilnnd,  520;  Mrtiiotn,  Kii]-.idii,  530; 
on  cotiSt  of  Mndris  Presidency,  5^1  ; 
•Pfongs,'  flt  BomWy.  521  ;  at 
pori  id  Karwaif  51J:  KriMvnA  Shcial 
m  Gulf  rif  Maxubnn.  520  ;  Algu- 
ardn  Kcef,  520 ;  Grenl  Uasses,  Ceylon, 
520. 

Liverpool  and  Manchcsltir,  ptoj»ied 

fAdwiy  between*  233,  334, 
IyOC4irnotivc<i,  built  by  George  Stephen- 
Kin  fti  Killin^r^-orth^  339 ;  premtum 
offered  fur  ib«  best,  334;  Stephen^ 
fton's  'No.  1/231,  232  J  'Kocket/ 
'  Kovelry  *  and  •  Sans  Pafcil,*  334. 
337  ;  in  colliery  di*itrtcU,  325, 
>:»tcain,  emhankmrnt  on  river,  tiS. 
nd,  electrical  discoveries  of,  497^ 
ow,  bridge  over  »hc  Cumli  al, 
95  ;  waterworks  at,  49a 

ACLAGAN,  Lieutenant,  on  the  Higan 
Canal,  iji. 
'Maikluk  Maiur  T&nk,  description  of, 
1 1  M  l  20. 

Jladhopur,  Jicait  of  Jlxtl  IXutb  CAnal 
at|  1^9  i  worknhups  al*  J27. 
Canal,  liio. 
'posiiiun  uf.  5oSt  1  port  and 
raiSwtr  ccntjc,   2<2(};  oliftcnratoiy, 
3$;  rxilwiy,  mtcnunt  af,  360,  36]  ; 
roadvleud,  onthttuction  of  harboui 
wgrks  in,  514-51S;  icicw  pilc  pier 
cnnslruclcd  in.  515;  projxjscit  con* 
sttQCtii-ui '<r  closed  TiarlK>ur  al,  5'5> 
516  :  dt'scri]>lioii  and  rMtutniction  of 
tli«  httrUmr  works.  ^17,  jiS:  foun.  , 
<latii>n»  iiiulerminrd  hy  sea,  S '^^  I  pro'  1 
jio-  '   '  ■  -■■■■H'tmiuction    1  !■  -:i •  ■  .n 


:  ■  y  wxterwni . 

Li>mmctiCan<  1 

conairuclioa  of.  461 ;  re|£uUtioa  uf  \ 


inflow  into  tanks  in,  126;  Presidency, 
canals  of,  17  !  early  survey  work  in, 
36 ;  rainfall  in,  io9,  184  ;  principal 
crops  in,  1 84  ;  qiunlity  of  c&al 
ptoclaced  in  during  1S91,  546  1  roads 
in»  91  ;  lighthouses  on  cii.'ut  of,  ^2t; 
agricultural  works  of,  1890  91,  530, 
533  J  water  reservoirs  cuo&tiucted  m. 
'13*  114;  general  principles  of 
construction  of  tanks  in.  121,  122  : 
embankments  of»  122,  113  ;  princiita! 
systems  of  irri^tion  wotUs  i(i»  155, 
186,  S30,  533  ;  irrigatiuri  works  of, 
183-203  5  irrigation,  general  results 
□f,  K>3- 

Mohanadi  Delta,  irrigation  of,  171, 

Mahomed  Aboo  Khnn,  canal  near 
Mccriit  constructed  liy.  j  J9. 

M.ijrs,  turbulence  of  the,  j8l 

Mnirwarra.  storage  tank^  4if,  iSi,  182. 

Maiif  fivcr^  Kuraclii  Mipplied  with 
water  from  wells  in,  47S,  479. 

Malscj  Ghit,  prtipoiwl  railway  by, 
301,  JI4. 

Manda  Sheyt  ravines,  bridges  acto&s, 

ManikpuT-Bctwa  Bridge  on  the  Indian 
Midi.ind  Railway,  40JS,  540* 

Manora  It^ht  at  Karachi,  520;  Ht)inl>ay, 
conslructloo  of  breakwater  it,  511, 

Map  of  India*  early  Fretieh,  35. 
Marun,  General,  94. 
Masutah  boats,  514,  515. 
Mirtalian,  th'  Krivhtia  shoal  Ughthouse 

in  the  I  1. 
M.-i£aK^>n.  Iry-doclc  at.  51a 

Mecnit,  icn>AHi»  mI  uld  citnal  near.  129. 
Menai  Straita^  bridge  over,  s6i. 
Mer^ui,  Tenasserim,  ba&c  line  3t»  56, 
Mhasvad  lank,  in  Satar*  dUtrict,  211  ; 

tank  canal, 
Midnapotc  Canal,  and  branches^,  the, 

175:  529^ 

Mirab,  supertnlendcnt  of  the  cacuil. 
Jay. 

MinapoiY.  Greiit  Deccan  R^od  ftoin. 

to  Jubbulpore,  85. 
M»i:"t    I  I  \  And  t»ld£cs  under  the 

M<ii.|       ■  ..iiicldit  of,  3p. 
Mo()};tiy-i  tunnel  OQ  Eaat  Indian  Kail 

wny.  31  >■ 

M&ffrum.  '  '-d  material  uscil  in 

conatri'  nU,  77, 

Mof  :<  i    .1  IntUan  Railway, 

Morse,  t*rafmor,  electric  idefirnp^b  of, 
499. 
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Mount  Cenis  Tunnel,  26a 
Mountains  and  h^hlands  of  India, 

295-297. 
Mud  Gorge,  tunnel  of,  543. 
Mutha  canals  and  rcscrvoii,  the,  20S- 

210,  532. 

Mutiny,  destruction  of  Sone  Bridge 

during  the,  334. 
Mutra-Jumna  Bridge  on  Rajputana- 

Malwa  State  Railway,  406,  542. 
Muzaffai^arh,  inundation  canals  in, 

III. 

Mysore,  roads  in,  91 ;  remains  of 
ancient  bridges  in,  70 ;  water  tanks 
in,  117;  Nuggar  tank  in,  118;  chain 
system  of  storage  reservoirs  in,  122. 

Nadrai,  aqueducts  on  Lower  Ganges 
Canal  at,  162-165. 

Nag  river,  embankment  across,  464. 

Nagpur,  tomb  of  Colonel  Lambton  at, 
42 ;  roads  from,  90,  91,  96 ;  railway 
between,  and  the  grain  districts  of 
Chattisgarh,  I04 ;  waterworks  of, 
463-471  ;  waste-weir  and  regulation 
tower  of,  468 ;  new  works,  syphon- 
pipe  of,  468,  469 ;  total  supply  of, 
470 ;  pumping  cistern,  471 ;  popula- 
tion of,  463. 

Nalas  or  streams,  480k 

Nandicanama,  tunnel  of,  543* 

Nara  Canal,  Eastern,  205,  531. 

Naraje,  weir  on  Orissa  Canal  at,  173. 

Narora,  Lower  Ganges  canal  system 
at,  161. 

Nasik,  bhandaras  in,  116. 

Navigation  works.    S$e  Works.' 

Mawabbin,  channel  called  the,  112. 

Negumbod  aqueduct,  the,  128. 

Nellore,  weir  on  River  Pennair  near, 
192. 

Nerbudda  bridges  on  Bombay,  Baroda, 
and  Central  India  Railway,  405,  539  ; 
on  Great  Indian  Peninsula  Railway, 
352»  353»  539 ;  on  Rajputana-Malwa 
State  ^ilway,  406,  542  ;  on  Bhopal- 
Itarsi  Railway,  540. 

Network  system  of  land -measurement, 

3*'  49-.  ^ 

Niagara  river  bridge,  201. 

Nira  Canal,  the,  210,  532. 

Nizam's  Territory,  quantity  of  coal  pro- 
duced in,  during  1887-91,  546. 

North,  Roger,  mentions  way-leaves, 
222. 

North- West  Provinces,  network  of  roads 
in,  86;  canals  and  irrigation  works 
of,  160-16S,  528;  minor  canals  of, 
168 ;  general  results  of  canal  systems 
of,  168. 


*  Novelty,'  locomotive  cdled  the,  234, 
435.  236. 

Nuggar  in  Mysore,  tank  and  embank- 
ment at,  118. 
NuHas  or  water-conises,  298,  350, 

Oersted,  Professor,  magnetic  dis- 
coveries of,  498. 

Okla,  Agra  Canal  from  the  Jumna  at, 
X65-167. 

Orissa,  rainfall  in,  107,  170;  new  as- 
sessment of  land-tax  in,  170;  canals, 
system  of,  171,  529;  headworks  of 
the,  173;  weirs  on  the,  173,  174; 
Coast  Canal,  179. 

O'Shaughnessy,  W.  B.,  first  electric 
telegraph  in  India  coostmcted  by^ 
500,  501. 

Pahooj  River,  weir  across,  409. 

Palamcotta  Bridge  over  the  Tambra- 
purni,  in  Tinnevelly,  95. 

Panghra,  Lower,  canal,  1890-91,  532. 

Panir  Tunnel  on  North-Western  Rail- 
way* 397' 

Papaghni  bridges  on  Madras  Railway, 

361,  539. 
Para.    See  Sohag. 

Paricha,  Betwa  Canal  near,  167,  i68* 
Parsees  of  Bombay  Prendency,  22. 
Passenger  traffic  of  Indian  railways, 
422. 

Patna  branch  canal,  176. 

Patri  river  crosses  the  Ganges  canal, 

ISO- 
Pease,  Quaker  family  of,  assist  Stephen- 
son, 231. 

Pendulum  vibrations,  determination  of 

the  earth's  figure  by,  59,  60. 
Pennair  Delta,  canals  of,  192,  530; 

weir  on  the  river  at  Sangam,  192, 

197  ;  drainage  system,  197. 
Penner  Bridge  on  Madras  Railway, 

360.  539- 

*Fepul  puttakaSeran,'  road  called,  70. 
Periar  river  irrigation  project,  201-203; 

dam  on  the,  202;  works,  214. 
Peshawur,  remains  of  ancient  canal  in, 

130. 

Platforms  at  railway  stations,  279,  2S0, 
281. 

'  Plotting*  of  surveys,  29,  30, 

Picard  attempts  to  ascertain  the  size  of 

the  earth,  59. 
Piers  of  bridges,  method  of  founding  in 

sandy  beds,  328,  329. 
Points  or  switches  on  railways,  275, 

276,  290. 
Ponairy  Tank  in  Trichinopoli,  117, 
Pont  du  Card,  France,  434,  435. 


Poona-Ktstna  Bridge  on  Southern  Mah- 

raitn  Railway,  542. 
ropublion   of  JuEA^ulpoiei   483 ;  of 

T  -.th.  irc»  4Ja  ;  of  NiigpuTt  463. 
I    ll   ■A  Indm.  liiv  prindpal,  299, 

5      S'^r  Karwar,  513. 
I  'M  i  iiiijs,  Athenian  philosophcTf  5S. 
r>i>i,it.scrvic<  belwccti  Agra  ant}  B'jm* 

Fravura  (Lakh  Can»I)»  l^QOiS^ii  532. 
r'fnfiis  on  rnilwftv  wotkingj  to. 

521. 

Tugb  Uridgc  on  East  Indian  Rail  way ^ 

runjAb,  ivslcm  nf  provincial  cnnals  tii 
the,  136;  iriif^tion  c::tnaU  of  ihr, 
136-145,  5*7;  general  rcsuUs  of  con- 
struction of  cnnnii  of  thc(  145  ; 
anniml  rainfall  in  thc^  108;  minor 
in^niUtion  canals  of  the.  144:  inun- 
dation i^^naU  ixi  the,  HOy  ttt,  1 1  J, 
143  ;  tiu:\ti[tit3r  of  ccwil  protluCcil  in, 
durrng  1KS7  91,  54^1;  roa^Js  in  tht, 

•  Put '  or  <ic«rt,  598- 
Puttiuila,  Maharajah  of,  141. 

QtJKTTA  loop-line  of  North -Wejtcrn 
Railway,  397. 

Raus  for  railways^  varieties  of,  269, 
270,   272-274 1    on  Bengml'Nngpur 
Kailwav,   407:   u>c*I   on  llombay, 
BftrtKia  and  Central  Indian  K:ii!wayt 
405:  00  Kuimcse  railwaj-s,  410;  on 
feast  (lulian  Railway  346;  uti  Great 
dian  IVninsutn  Railway,  359  ;  on 
diati  jMiilUnil  Railway.  408;  on 
ftdnts  I\ailway.  361  :  on  RiijpatiuuL- 
Malwd  Sute  Kiulway,  406. 
Railway*  ;— 
Intrffiiuftfivy  \ — origin  of»  219 :  Remts 
of,  in  stcine  tmcks  of  old  llalikn 
ciiici,  222  ;  (ir«c  solid   iron  rails 
used,  223,   234  :  Thomas  Gray» 
first  proposer  of  fytterm  of  rftHvay 
tonnwt,  226.  2275  t  of 
loc'wiiotive  engine,  i->- 
tiva  In  colliery  Mr, 
BlcnkinsopV  i:  'S  ;  first 

locomoliTc  of  i  ^  -  _(>henson, 

329  *  ^1^^  locomuiivck  *  Novelty,* 
•bam  I'arcil/  and  •  Rorket,'  234* 
337  ;  Surrey  Iron  Railway  Com- 
pany, ;  Ix'twcfu  L*jmlon 
and  Birmingham,  237  ;  coniilnic- 
tion  and  opening  of  Stockton- 
DaxUngton  railway,  229-232  ;  pro< 
poted  railway  between  Liverpool 


and  Manchester,  233  j  pr;ndDle3 
of  construction  0^239-241;  sctec* 
lion  of  route,  24i»242;  acoui&i- 
lion  nf  land  for,  243  244  ;  grndingp 
243;  formation  of  the  line^  350, 
251  ;  commencement  of  cimstriic- 
tion,  251-253  ;^raiUenlsanrl  currc^^ 
252*255  ;  cunsiniction  of  culling-, 
255,  256 ;  dniinagc  nf  curtings 
257  ;  ditficulties  met  with  in  hca\y 
cutling-i,  257  :  cm!)ankmcntJi  u*, 
358,  259  ;  permanent  way  ami 
ballast,  264,  365  :  (unneUt^n,  258  \ 
briJginE  of  coigi**,  ri\cis.,  etc., 
160  I  principal  lirtdt;c»of  (he  world, 
2tir  ;  ptindj)al  tunnels  of  Ihe  worJd, 
360,  261  ;  tjauge  of,  266 ;  varieties 
of  rails  u*ed  on,  269,  270,  272-274  ; 
use  of  check-rail.  274  ;  msnner  of 
liolting  the  raiJs^  273,  274  :  Buard, 
of  Trade  tequircRienis,  245^249. 
/Wj'ti : — 

Railways  in  India,  2I9<427  ;  intro- 
duction iif,  292 "%  importance  of 
the,  5,  7  ;  lota]  length  of,  open  for 
traflac  in  1S92,  S  ;  prohn  on  worfc- 
inu  of»  10;  pro|jcrty,  incieauni^ 
value  nf^  [2;  income  and  expen* 
(iititu-  .^11.  S,  9;  induenL^e  of,  in 
ri  hulift,  220,  221 ;  caitc* 

1).v  -  n  by.  221  :  reduction 

oi  'liiuucc*  I>y,  in,  22r  ;  wheels  of 
vehicle*,  266,  267  :  Ueeper*  used 
on,  267-269;  'chairs  '  on,  270,  271  i 
poiniii  of  Hwiiche:*,  275^  27ft.  290; 
stations  of^'ct,  and  itlatfarnu. 
a7?-a83  ;  sidinRs  on.  274.  *7S : 
gates  on  roads  acrossv  3(^2  :  water- 
supply  for  locomotives,  2S3  ;  wnric' 
shops  tin,  2S4 ;  fiignalling  ajifma* 
tut»  on,  284  -  291  ;  rt-^^dations 
adojitLtl,  2^6-249;  pT4>j>^>scd  con- 
struction f>lf  by  private  comi'^anies, 
J05  *  l»u^y{e\tcl.I  tJovernmcnl  guar- 
antee for  first,  302;  tlovcmmcnt 
encQuraeemenl  of,  306,  307,  30S ; 
difficulties  (o  bo  Cfjntrnd«r*l  against 
n'  '  '  '  '",310;  Govcmmciu 
.1  control  of,  9,  319. 
32ij;  ^Mii  i|a|  fcNluret  otf  Covcni- 
menl  control  of,  321.  522;  value 
of  central  control  of  Indian,  426, 
427  ;  resutls  uf  30  yea**,  central 
adminixlraiinn  of  fivdian.  42^1,  427; 
friction  l»ei  k\  -  cn- 
Rinecr*  and  '  ■  era, 

^20;  f^ariiann. I'.i  :[>  l'xiu.hucc  to 
inqairc  into  delays  in  prosectitinn 
of  railwMr  construction,  321  ; 
thmrieaoi  Colooal  Kcsntdy,  310- 
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312  ;  peculiarities  of  construction 
in,  320-328  ;  melhod  of  founding 
piers  in  sandy  beds,  328,  329 ; 
principal  standard  dimensions 
adopted,  318,  319  ;  gauges  of 
earlier  Indian,  412-414  ;  iron 
largely  used  for  sleepers  in,  328 ; 
total  mileage  of,  412  ;  length  of 
lines  open  during  quinquennial 
periods,  1853-1892,  415;  classifi- 
cation and  mileage  of  Indian,  416; 
capital,  outlay,  and  cost  per  mile 
of,  417  ;  gross  earnings  of,  420, 
545;  net  earnings  of,  421,  545; 
distribution  of  persons  employed 
on,  424;  numbers  of  native  drivers 
and  shunters,  1881-1890,  425  ; 
passenger  traffic  of,  422  ;  passenger 
classes  on,  422,  423 ;  passenger 
fares  on,  422  ;  safety  of  travel  on, 
425  ;  passenger  and  goods  rolling 
stock  at  end  of  year  1S91  of,  423 ; 
423 ;  fuel  supply  of  425,  426 ; 
working  expenses  of,  420,  545 ; 
percentage  of  working  expenses  on 
gross  earnings  on,  420,  545;  general 
results,  including  steamboat  ser- 
vices and  suspense  accounts  of, 
421,  545 ;  main  results  of  working 
all,  for  the  year  ending  31st  Decem- 
ber 1891,  544,  545  ;  particulars  of 
important  tunnels  on,  543. 

Principal  Lines  — 

Bengal-Nagpur  railway,  details  of, 
406,  407,  470;  principal  tunnels 
on  the,  543  ;  bridges  on  the,  540. 

Bengal  and  North- Western  railway, 
415  ;  bridge  on  the,  542. 

Bhopal-Itarsi  Slate  Line,  407  ;  bridge 
on  the,  540. 

Bombay,  Barotla  and  Central  India, 
405  ;  bridges  on  the,  539. 

Burmese  railways,  410. 

Eastern  Bengal,  interest  charges  for, 
8  ;  bridges  on  the,  539. 

East  Coast  Railway,  409, 

East  Indian  Railway,  311,  314;  in- 
terest charges  for,  S ;  successful 
working  of,  12;  originally  between 
Nagpur  and  grain  districts  of 
Chattisgarh,  104;  preliminary  a- 
greement  with,  307 ;  experimental 
line  of  309 ;  gauge  adojited  on, 
318  ;  construction  of  experimental 
line,  317,  322,  323;  difficulties 
encountered  on  first  section  of, 
330,  331  ;  extension  of  system  of, 
323,  324  ;  routes  followed  by,  333  ; 
losses  of,  during  the  mutiny,  334 ; 
total  length  of,  346 ;  rails  and  I 


sleepers  used  on,  346 ;  Mong^ 
tunnel  on,  331 ;  bridges  on  the, 
539;  bridges  on  first  section  of, 
331 ;  bridge  over  Hooghly  on,  338- 
346 ;  AUsdiabflLd-Jumna  Bridge  on, 
;  Delhi-Jumna  Bridge  on, 
338-339 ;  Sone  bridge  on,  333-335  J 
Tonse  bridge  on,  ^36. 

Great  Eastern  Railway,  proposed 
route  of,  300,  302. 

Great  Indian  Peninsula  Railway, 
311,  314,  418;  inception  of,  301, 
302 ;  preliminary  agreement  with, 
307;  experimental  line  of,  309; 
main  routes  of,  316,  317 ;  sections 
of,  to  Tubbulpore  and  Mohpani, 
352 ;  Bhore  Ghat  incline  of,  353- 
358  ;  total  length  of,  359  ;  station 
of,  in  Bombay,  347,  34S  ;  rails  and 
sleepers  used  on,  359 ;  principal 
tunnels  on  the  543 ;  tunnels  on  the 
Thul  Gh^t  incline,  351  ;  bridges 
on  the,  539 ;  bridge  across  Sion 
Marsh  on,  348 ;  bridges  across 
Rotunda  nulla  and  Manda  Sheyt 
ravines  on,  350 ;  the  Bheema, 
Seena,  and  Kistna  bridges  on,  359. 

Indian  Branch  Railway  Company, 
gauge  of,  412;  passenger  classes 
of,  423. 

Indian- Midland  Railway,  details  of, 
407  409  ;  bridges  on  the,  540. 

Madras  Railway,  360,  361  ;  forma- 
tion of,  324 ;  extension  of,  325 ; 
bridges  on  the,  361,  539. 

North-Wcstem  Railway,  section  of,  to 
Karachi,  389 ;  Sind-Pishin  section 
of,  396,  397,  401,  418;  Quetta 
loop-line  of,  397 ;  branch  of,  to 
Boian  Pass,  39S,  399  ;  total  length 
and  cost  of,  404,  405 ;  Khojak 
tunnel  on,  399,  401-404;  tunnels 
on  Quetta  loop-line,  397 ;  princi- 
pal tunnels  on  the,  543  ;  bridges 
on,  over  Punjab  rivers,  3S1,  382, 
541  ;  Attock  Bridge  on,  382-389; 
bridge  over  the  Sukkur  on,  3S9, 
390 ;  Lansdowne  Bridge,  Sukkur- 
Ruhri,  on,  390-395- 

Oudh  and  Rnhtlkund,  formerly  Indian 
Branch  Railway  Company,  370, 
417;  bridges  on,  370-380,  540; 
passenger  classes  of,  423. 

Rajputana  -  Malwa  State  Railway, 
406,  414,  418;  bridges  on  the, 
542. 

Southern  Mahratta,  bridges  on  the, 
542 ;  principal  tunnels  on  the,  543- 
Tirhoot,  bridge  on  the,  542. 
Umaria-Katni  State  Line,  407. 
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Rainfall  less  than  in  former  times,  125  ; 
in  Bchar,  107  ;  in  Bengali  107  ;  in 
Bhorc  and  Thul  Ghlts,  35S ;  of  Bom 
'bay,  annual,  toS,  447  ;  in  Hydcrftbrtd, 
to8;  in  Indiat  lo?*  108  r  }>eriodjdty 
ofj  in,  436.7  ;  in  Jhansi  dLstrict,  40S; 
in  Madras  l^rtsidency,  average 
annual,  roS,  1S4;  in  ,Or:££a,  toj, 
170 ;  in  ihe  Punjab,  loS ;  in  Sdnde, 
204  ;  over  Vehnr  basin.  44S, 

Rajghat'Ganges  Briilge  on  Oudh  and 
Kohilkund  Kailway,  371,  540. 

RajpuUna,  slomyc  Unlu  of,  iSl,  182. 

Raroipore  lorfcnt,  149*  150, 

Raneegunge  Bridge  un  the  Oudh  and 
Rohilkund  Railway,  540. 

Rankin,  Captain  Charles, part  of  Grjuid 
Trunk  kciad  made  by,  Si. 

Rftpti  Bridge  on  the  Benj;;ai  and  Nonh' 
Western  Railway,  54^, 

Ravi  Briilge  on  the  Nffth-Wcilem 
Railway,  541  ;  river,  Sidhnai  canal 
from  the,  143,  1 44  J  Lahore  water* 
supply  obtained  from,  474* 

Rechna  Doab,  irrigation  of  the,  143, 

Red  Hills  Tank,  Madr^,  461,  461. 
Rcnnell,  Major  James,  survey  i*ork  oT, 
35- 

Rennic,  John,  said  to  have  ci^signcd  the 

Gunili  Briilgc  at  Lucknow^  94. 
ReservDii^,  r<:iAa^;ns  of  old,  numerous, 
125;  chain  system  of  storage  in 
Mysore,  122:  native,  at  Ambajbari, 
463,  464  ;  the  Bhatghar,  3lc^  211  ; 
in  Ceylon,  large,  117;  at  Delhi, 
I  ;  the  Fife,  209  ;  constiycied 
ar  village  of  Guddia,  409 ;  on 
Khandari  nulla^  Jubbulport:,  ^Sy 
489;  service,  of  Lahoret  476;  at 
X.uckno^^^  490;  Mutha  canal  and, 
^9<^^9it  53-> '  Tansa,  constiuction 
of,  451,  452  454 ;  at  Tulst,  construe- 
tioii  of,  451  ;  Vebar,  construction  of 
448,  449.  Siii  also  Tanks. 
Re«t-houscs  provided  on  Grand  Trunk 
Road,  93. 

Rivers  m  lDdia»  flood-phennmena  of, 
84  ;  the  principal,  295,  297  ;  diffi- 
Oiltics  mel  witti  in  bridgings  363, 
364. 

Roads  in  Tndta,  65*104 ;  under  the 
Mogul  ^Ini) K-rr>r<:,  6S ;  ctmilructed 
in  1540  Iiy  STii»  Shah,  70  ;  in  Bengal, 
maini  at  ancient »  70  ;  diversity  of 
aiacter  nf,  66,  67  \  and  bridges, 
nual  expenditure  os^  5,  104 : 
leci  of  road  conimunication  by 
(orly  East  India  Com|iaRy,  73  :  con- 
Blntctian  of,  ptopoMtl  by  Lord  Klphin- 
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stone,  73  ;  construction  of,  ina)sgu< 
rated  l»y  Lord  William  FJcntinck,  73, 
Si  {  development  of  village,  16  j 
points  to  be  observed  in  lapng  out 
and  constructing,  74,  75;  mauriaU 
:iVAilablc  fur  cun^lrncliod  of,  74,  76- 
78;  'borrow*  ptls  alctngsidc  of  Ihc 
loads,  75  ;  caravansaries  an  the 
public,  72  ;  tree*,  weth,  and  rest- 
nouscs  on  the  public,  7S,  79  :  types 
of  bridges  on  Indian,  92  ;  opening* 
for  culverts  and  small  bridges  on,  76  : 
trunk,  designed  from  A^ia  to  Bom- 
bay, S5 ;  in  A^m,  ancietit,  7Ci'72  ; 
constructed  in  Azimgurh  djstrkt, 
8s  ►  constructed  in  Barciily  district, 
1839-44,  85  ;  in  the  Borars,  90 :  far 
military  purposes  through  (he  Bhoie 
GhAl,  So ;  in  Bkimbay  Ptc&idcncy, 
91  ;  Odcutta-DarjeelinKi 
Central  India,  90 ;  in  ihe  Central 
Provinces^  90, 91, 104  ;  Grand  Trunk 
from  Calcmta  to  Pcihawur,  1,5.  74  J 
route  of,Si ;  resl-houics  and  trees  on 
line  of,  S2 ;  bri^lges  on  line  of,  82, 
S3  :  commenced  by  Captain  Rankin 
under  government  of  ^Va^fc^  Hast- 
ings, 81  I  general  con&truLlion  of,  82; 
cost  uf  llie,  83,  S4  ;  Great  Deccan, 
from  Minaporc  vtA  Rewah  lo  Jub- 
hulpore,  35  ;  constructed  from  Kar- 
war  lo  Dharwar,  513;  bridge  over 
lh«?  Sohan  on  the  Lahore  and  i'csh- 
awur,  95,96;  in  Madras  l^residtncy, 
91  ;  in  Mysore,  91  ;  from  Nagpur  to 
Jubbulpore,  91,  96;  in  Noilh-West 
Frovinccs,  network  of,  86 ;  called 
'Pepul  puttfl  ka  Scran/ 70  ;  in  the 
run;ab,  S6,  S7,  104  ;  the  Saugur,  90: 
in  the  upptT  [xirts  ufScinde^  S6,  S?. 

*  Rocket,'  Stephenson's  locomotive 
called  the,  254,  255,  236. 

Rohilkund,  canals  in  the  BarctUy  dis- 
trict, 16S. 

Romans,  waler^worlt£of  the,  434^  435. 

Rotunda  nji//a,  bridge  acrci«5, 

Rudru  Singh,  Rajah,  road  Uiilding  in 

Assarn  by,  71. 
Rutmoo  torrent  JoiaB  Gangei  cutli 

150,  152. 

Saiiakanfur  -  Jumna  Bridge  on 
North-We&tem  Railway,  541. 

St.  Golthard  Tunnel,  260. 

St.  Thomas  Mount,  Madras^  basc-Iioc 
measured  near,  38. 

SiUfl«lte,  ifiljuid      4W,  45  >- 

Saltiiih  tvidee  orer  the  T«fD«r»  361. 

JdiMk/or  OftAAl  Act  of  Emperor  Akhar. 

K 
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Sangam,  irrigation  canals  in,  192,  214, 
530. 

*  Sans  Pareil,'  locomotive  called  the, 
234-237. 

Saranda  tunnel  on  Bengal  -  Nagpur 
Railway,  407,  543. 

Saraswati.    See  Ghaggar. 

Sarun  Canal,  the,  179,  180. 

Saugor,  bridge  over  the  Bec«i  near,  93, 
94  ;  roads,  90. 

Schilling,  Baron,  constructs  electric 
telegraph,  498. 

Schweiger,  improver  of  electric  tele- 
graph, 498. 

Sande  Province,  agncultural  works 
in,  1889-90,  S3i»  533;  canals  and 
public  works,  1889-90,  531,  533; 
irrigation  works  of,  204-215;  roads 
in  the  upper  parts  of,  86,  87. 

Seena  river,  bridge  over,  359. 

Seoni  plateau,  91. 

Seringapatam,  native  bridge  over  the 

Kaveri  near,  70. 
Seven  Wells  Waterworks,  Madras,  459, 

460. 

Severn  Tunnel  at  Bristol,  260. 

Shah  Jehan,  canal  constructed  in  the 

Bari  Doab  under,  128 ;  restoration 

of,  136. 

Sheonath  Bridge  on  Bengal-Nagpur 

Railway,  407,  54a 
Sher  Shah  Bridge  on  North-Western 

Railway,  382,  541. 
Shikapur  canals,  1S89-90,  531. 
Shir  Shah,  road  constructed  by,  in  1540, 

70. 

Sholapur  Waterworks,  455  ;  Ekruk 
Tank  of,  455,  456 ;  Ekruk  Canal, 
456,  457  ;  reservoir  and  supply-pipe, 
458. 

Shunters,    numbers  of  native,  1881- 

1S90,  425- 
SIdhnai  Canal  from  the  Ravi,  143,  144, 

527. 

Signals  used  on  railways,  247,  284- 
291. 

Silver,  absorption  of,  in  India,  21. 

Simms,  Mr.,  railway  engineer,  pro- 
posals of,  303-305.  318. 

Sion  marsh,  bridge  across,  on  Great 
Indian  I*eninsula  Railway,  348. 

Sirhind  canals,  system  of  the,  140- 
142  ;  canal  (British),  527  ;  old  native 
canal  in,  129,  527. 

Sironj  a  basis  for  measurements,  47,  48, 
5I1  53*  55>  57  '••  astronomical  ob- 
servations undertaken  at,  44  ;  base- 
line measured  at,  44,  48. 

'  Sleepers '  used  in  railway  construction, 
267-269  ;  of  various  materials  used  in 


India,  328;  used  on  East  Indian 
Railway,-  346 ;  used  on  Great  Indian 
Peninsula  Railway,  359 ;  used  on 
Madras  Railway,  361. 

Sohag  Canal  on  the  Satlej,  iia;  and 
Para  Canal,  X43f  527> 

Sohan,  bridge  over  the,  on  the  Lahore 
and  Peshawur  road,  95,  96. 

Solani  Bridge,  on  the  Oudh  and  Rohil- 
kund  Railway,  540 ;  valley  and  river, 
151 ;  aqueduct  over  the,  151-157; 
general  description  of,  152;  com- 
mencement  of  work  on,  153;  em- 
bankments and  revetment-waUs  of, 
153-156;  aqueduct  bridge  over  the 
river,  156;  piers  and  abutments  of, 
157  ;  foundations  of,  157. 

Sommering,  maker  of  first  electro- 
dynamic  telegraph,  49S. 

Sonakoda  a  ba^  for  the  survey,  50, 53, 
56. 

Sone,  bridge  over  the,  on  East  Indian 
Railway,  333,  539  ;  destroyed  during 
the  Mutiny,  334,  335  ;  reconstruction 
of,  335  ;  Grand  Trunk  Road  bridge 
over  the,  83;  canals,  175-178,  529; 
inception  of  the,  176;  weir  across 
the,  at  Dehree,  176-178;  canals,  total 
len^h  of  system  of,  177;  Canal, 
Mam  Eastern,  176 ;  C^uial,  Main 
Western  branch,  177. 

Soonkesala  Canal,  Madras,  the,  194- 
199. 

Souba  of  Sirhind,  canal  excavated  by 
the,  129. 

Srivaikuntham  irrigation  canals,  192, 

193.  530-  ^  ,  ^ 

Stand  Edge  Tunnel,  England,  261. 

Station  of  Great  Indian  Peninsula  Rail- 
way in  Bombay,  347,  348. 

Stations  on  Railways,  277-2S3. 

Steinthal,  M.,  electric  telegraph  of,  499. 

Stephenson,  George,  locomotive  en- 
gineer, his  early  struggles,  22S  ;  his 
inventive  genius,  229 ;  his  engine 
*No.  I,' 231,  232;  appointed  to  build 
engines  for  Liverpool  and  Manchester 
Railway,  236 ;  extract  from  speech 
of,  237,  238. 

  Sir  Donald,  railway  promoter, 

302. 

 Robert,  229,  238. 

Stewart,  Lieut. -Col.  Patrick,  telegraph- 
cable  scheme  of,  501, 

Stockton  to  Darlington,  proposed  tram- 
way from,  229 ;  construction  and 
opening  of,  230-232. 

Sukkur  Bridge  on  North-Westem  Rail- 
way, details  of,  389,  390,  541.  See 
also  Lansdowne.  , 
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Surrey  Iron  RailwAy  Company,  224. 
Survey  of  India.    S^r  Trigonometrical 
Survey. 

Sullej,  jnundalion  canaU  hi  lite  valk')' 
of,  112;  Empri.-ss  Bridge  ovci^ 
on  >rorlh-Wc*(t'rn  llailwny,  3S2,  541, 

Swat  Kiver  Canal,  143,  517. 

Switches  or  points  un  tailways,  275, 
376,  ai)o. 

Sykes,  Colonel,  Bombay  watei-£vpply 
scheme  of^  447. 

Tables 

Length  of  lines  o\*cn  Ouring  quin- 
quenniAl  periotU— 1S53  to  iS^s* 
4t5  ;  cl^ificatiun  and  mtlesge  of 
Indian  rdlvrays,  416  ;  cipital  nut- 
lay  and  cost  pci  tnile  v(  Indin.f1 
railwrt^'s^  417;  grois  earnings  of 
Indian  railways,,  420  ;  percentage 
0/  working  expenses  on  gross  earn- 
ings of  Indian  [ai[way5;,  420  ; 
working  expense*  of  Indian  rail* 
ways,  420  ;  net  earnings  uf  Indian 
railways,  421  ;  general  rcsulls  of 
Indian  railways,  including  steam- 
boat berviccft  and  suspense  K- 
count.^t  421  ;  firtrcs  on  tftdian 
raUwaj  ip  4231  pa^^ngeranit  goods 
rolling  stock  at  end  tvf  year  tS^l, 
423  ;  distribution  of  peisons  cm- 
ployed  on  Indian  railways,  424  ; 
nittnbcr^  of  native  dri\cis  and 
ftliuntcrs,  iSSi  to  1S90  inclusive, 
425.  Set  a/n>  Appcndicc*, 
Takal  Khcraj  'Great  Arc  Scries'  c*- 

tcnd<Kl  lo,  4a, 
Taniljr.iiniTni  river,  Palamcotta  Hridge 
over  llJc^  in  Tlmic%'clly,  95  ;  irrigates 
Tinncvelly  di&trict,  1 14;  anicuts  on 
the.  193- 

Tanks  fm  water-supply  in  India,  eaily 
ailtjpliuH  oft  4^1  i  liTorage^  water  for 
irnyntiaii  uUlaincd  by  mciins  of,  roQ: 
tot  water  ^Hpj'ly  of  locoinolivcs  r»n 
railways,  3Sj ;  defects  in  the  old 
native,  135,  126;  Liotloms  of  ok1» 
utilised  for  cuUivfttion.  ti^i  Chem- 
brambnukam,  near  Madras,  118, 
t9iS  ;  Chnl:>VL-rantf  near  MadTn:^,.  461, 
462;  fli  Cunitnun^  Guntooi, 
I9S  ;  Kkruk,  near  Sholaptir,  20S, 
4SS*  457  I  Janiiv  Talao,  nejar  Nagpur, 
46J  E  Kabia»  in  MatrwAiia,  iKl, 
1S2;  at  Karampflllam,  193:  Kavcii 
Pauk,  in  Nurtli  Arcot,  ifK;  Larhma 
Lftkc.  in  .1^  ■ .  '  •  \  .  .1,  181  ; 
Madduk  M  r,f, 
I30;  (or  v»,,  ,1  :  ,ij  Madras 
Presidency,  11^,  1141  general  prin- 


ciples of  construction,    I2t,  122; 

embankments  of  122, 123  ;  in  Madias, 

regulation    of  inllow    into,    [26 ; 

Mhabvn^l,  in  ihe  Sala^rri  district,  211; 

in  Mysore  and  the  C.unalic*  117; 

at  NuKiJir  ill  Mysoic,  J  iS  ;  I'onairy 

in  Trichinupoli,    1171   storage  of 

Kajpuiana,  iSl,    1S2 ;  Red  liills, 

Madras,  461^  462;  Vitanutn,  liy» 

1  rS.    Jtf<r  flVjiJ  Re^icn'rvir. 
Tansa  reservoir^  constnicljon  of,  451  i 

dam  of,  45a ;  ioutI  c^st  of,  453 1 

opening  of,  453,  454. 
Tapti  hndges   on   Domliay,  Baroda 

anil  Central  Indian  Railway.  405, 

^39;    on  Great   Inilian  l^cnioauta 

kailway,  552,  539. 
Tay,  bridge  <*vcr  the  Firth  of,  tOl. 
Tclechrume  fur  telling  colour-blindness, 

5J7.  53S. 

Telegraph  in  India,  the  electric,  495- 
^04  ;  apparauti  of  ordinary,  496  ; 
invemiun  of,  496 ;  inventors  and 
improvers  of,  497,  49H ;  fii»l  con- 
strnclion  of,  in  India,  500  ;  rapiil 
extension  of,  in  India,  501  ;  number 
of  |)erson»  employeii  on  Indian^  503; 
number  of  messages  booketl  in  1S91  - 
't  5^3 :  classed  of  telegrams  in 
otiia,  503,  504 ;  total  \t:n^\U  of^ 
an<I  capital  cx}KndiluTc  on,  502  ; 
total  mileage  of,  in  India,  504:  to 
India,  Turkish  line  of,  501  ;  Red 
Scft  cable,  501,  503;  Auglo-renian 
line,  50a. 
Tcrai  jungle,  JO- 

Tests  Tor  cnlour-bliiutnets,  a8S,  S3S' 

538. 

Theodolites,  instnimenU  for  meatanog 

trjfttidci.  36. 
Thvil  Ghj^t,  41S:  proposed  railway  by. 

300,  314,  315,  316  ;  description  of 

railway  incline  in,  34O,  350,  353 

3jS  :  tunnels  nf,  _';43^ 
Tit>ct  tiade*(iiatt:>,  Sf,  N6, 
Timber-tracks  or  tram-roaVIs,  aal. 
Tinncvelly,   the    I'alamcotta  Bridge 

over    the    Tambripurni    itt,    95 ; 

waiernl  by  the  Traml>rapurni  by 

mean!)  ivf  aniciiTs,  114. 
Tonvc  liver,  bridge  over,   ^'n  Eul 

Indian  Railway,  336. 
Towni  in  India,  watcr-rapply  of,  431* 

Trees  ^^Ucr,  78  ; 

on  I 

Ti:   1  ,  Jm^.u^    l,,n..  .il,  117. 

i  rv,  nMning  of,  ati. 

Ti     i,  M  l  tiical  Swrvej  of  IndU,  a<- 
coont  of  the,  4,  a5*6i  1  commenced 
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by  Colonel  Lambton,  36,  37 ;  iostni- 
ments  used  in  the,  38,  39 ;  base-line 
measured  at  Madias  for,  38 ;  error 
of  distance  between  Madras  and 
Malabar  coast  corrected  by,  39,  40 ; 
base  of  veriScation  measured  near 
Bangalore,  39 ;  made  a  basis  for 
further  series  of  measurements,  40 ; 
interruptions  of  the  survey,  40 ;  ffreat 
theodolite  damaged,  41 ;  Coumel 
Everest  succeeds ColonelLambton  on 
the,  42,  44 ;  work  of,  on  the  survey, 
44-51 ;  the  'Great  Arc  Series'  of 
triangulations,  40,  41,  47 ;  extension 
of  Beder  base-line  to  Bombay,  44 ; 
longitudinal  series  between  iBeder 
anoBombay completed, 49;  base-line 
measured  at  Sironj,  44,  4S ;  new  in- 
struments provided  for  the,  4^,  46 ; 
the  'Calcutta  longitudinal  senes'  of 
triangulations,  45,  46,  50 ;  the  '  Cal- 
cutta meridional  series,'  50 ;  '  East 
Coast  series'  of  surveys,  51,  ^4,  55  ; 
the  'North-Eastern  Himalayan  senes, 
50;  the  *  North- Western  Himalayan 
series,*  53,  54 ;  '  South  Konkan 
series*  completed,  51;  formation  of 
'  North  -  West  quadrilateral,*  53 ; 
carried  into  the  mountain  rai^^es,  55, 
56 ;  use  of  the  spirit-level  in,  57 ; 
review  of  work  done  between  im* 
1848,  52,  53. 

Tulsi,  construction  of  reservoir  at,  451. 

Tumbuddra  river,  anicuts  across  the, 
"5- 

Tungabhadra,  bridge  over  the,  on  the 
Madras  Railway,  360,  539;  irriga- 
tion works  of,  19s  ;  weir  on  the,  196. 

Tunnels,  formation  of,  258;  list  of 
laigest,  in  the  world,  260,  261 ;  under 
the  Indus  at  Attock,  88,  89;  on 
Shore  Ghit  incline  of  Great  Indian 
Peninsula  Railway,  356,  357,  543; 
Bhortonk,  on  Bengnl-Nagpur  Rail- 
way, 407,  543 ;  Bramhope,  near 
Leeds,  261 ;  Castle  rock,  Southern 
Mahratta  Railway,  543 ;  Iron  Gates, 
North-Westem  Railway,  543  ;  Karez, 
North-Western  Railway,  543 ;  Kho- 
jak,  on  North-Western  Railway, 
261.  399.  40I-404*  543;  Monghyr, 
on  East  Indian  Railway,  331  ;  Mount 
Cenis,  260  j  Mud  Gorge,  North- 
Western  Railway,  543 ;  Nandica- 
nama,  Southern  Mahratta  Railway, 
543  ;  Panir,  on  North-Westem  Rail- 
way,397;St.  Gotthard,26o;  Saranda, 
on  Bengal-Nagpur  Railway,  407, 
543 ;  Severn,  at  Bristol,  260 ;  Stand 
E<^,  England,  261 ;  on  Thul  Gh&t 


indine  of  Gratt  .ladfaui 


Unharwah  Quult  S^ndc^  905. 

Vaiga,  the  (iver,  aoi. 

Vdiar  basin,  rain&U  and  area  draining 
into,  44B  i  rcMiToiry  commencement 
of,  44)3 ;  embankment  and  waate- 
weir  of,  449 ;  cnitable  for  a  ttsenrair, 
447,  448 ;  reservoir,  supply  main  of, 
449 ;  stuioe-hooie  of,  45a 

Viaducts.   Su  Bridgei. 

A^ctoria-Jhelnm  Bridge,  on  the  North- 
Westem  Railway,  38a,  541. 

Viranum  Tank,  117,  118. 

Volta,  Alessandra,  discoverer  of  voltaic 
pUe,  497.      ^  ^ 

Vis^patam,  a  base  m  survey,  54,  55, 

Wallich,  Dr.,  superintendent  Botanic 
Gardens,  Calcutta,  500. 

Wandsworth  to  Croydon,  boise-tiam- 
way  Irom,  224. 

Warora,  coal-field  at,  3^ 

Warren,  Lieutenant,  assistant  to  Colone . 
Lambton,  ^  4a 

Water  for  irrigation,  methods  of  obtain- 
ing, 10^ 

 carnage  system  of  Eastern  Bengal, 

86. 

Way-leaves,  222,  223. 

Weingunga  Bridge  on  Bengal-Nagpur 
Railway,  91,  54a 

Weirs  on  canals,  113 ;  of  the  Agra 
Canal,  166;  on  the  Betwa  Canal, 
167  ;  across  the  Ganges  at  Narora, 
x6i ;  on  Hathmati  river,  211;  on 
Krishna  river,  207 ;  on  the  Midna- 
pore  Canal,  175 ;  on  the  Orissa 
Canal  system,  173,  174 ;  across 
Pahooj  river,  409;  on  the  Pennair 
river  at  Sangam,  192,  197 ;  over 
Sone  at  Dehree,  176-178 ;  across  the 
Tungabhadra  river,  196.  See  also 
Anicut. 

Wcllesiey,  Marquis  of,  supports  Col. 
Lambton's  proposals,  38. 

Wells,  Artesian,  434,  490;  in  Malir 
river,  Karachi  water-supply  obtained 
from,  479 ;  provided  on  lines  of 
public  roads,  78  ;  water  for  irrigation 
obtained  by  means  of,  109. 

Wheatstone  and  Cooke,  electrical  dis- 
coveries of,  499. 

Wheels  of  railway  vehicles,  266,  267. 

Wool-test  for  colour-blindness,  288, 
536. 
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Works,  Publk,  of  India  :— 

Agricultural  works*  215  n;  of  Boni- 
bay  Presidency.  i8oo-91»  532, 
of  Madras   I'fesiilcncy*  [890-91, 
53^r  533 ;  '^'f  l^ryvincc  pf  .Scimic, 
S3ir  533- 

Harl'uur  works  proposed  construc- 
Lion  of  docks  fltDiamoiul  Harbour, 
Calcutlfl,  5*9;  lariHiltng  stage  con- 
structed at  Knrvv.ir,  landing- 
pier  and  whaTfayc  coiisriuclcd  al 
ke.Tmar),  jij  ;  construction  of 
ducks  aiid  tidai  b^s'in  at  Kidder' 
pore,  519,  520;  closed  hailxnir 
and  olhci  work*  consiractcd  in 
Madras  roaditcfui,  514-5IS. 

IrfigalionwDrk.5,  CalingNioj,  orwjute 
weirSt  123,  124  ;  nvimriou!^  re- 
mains of  ancjcni  native,  139,  [30; 
in:i]or  and  minor,  215  tt.  ;  forwhich 
cnpilal  and  revenue  accounts  nrc 
kept,  534  J  of  Emperor  I'truzc 
Shahj  126;  chain-systeni  of  icsci- 
Vfiir&,  122;  early  introduction  of, 
107  I  in  llfngal  I'rcsirlcnCy^  genera] 
results  uf»  iSo^  [81  j  of  Bengal  and 
Ccnltnl  India,  169-182  ;  in  Bombay 
Presidency,  i  iG ;  m  eonneclioti 
with  Gauge*  Canal,  l47->59;  of 
(jtKJnvcry  deltjt,  iS9']9i  ;  iin 
Guntoof  dislrict,  iiS;  llanurpur 
lake,  528  ;  Jhami  lake,  $2)^  \ 
Kadva  river,  1S90-91,  532  ;  in  ' 
deltas  of  Knveri  and  Kalcrun  rivers^ 
1H3  ;  on  Kistna  ddtt,  lyr,  192; 
dracriplion  of  Mndduk  M^o-iur  | 
Tank,  llH-tlo;  of  M:idr[is  Tresi- 
dcncy.  I!4*n6,  183-203;  water 
tanks  in  Mysore  and  iJie  Camntjc, 
1 17  ;  of  North- West  Provinces, 
U6»  147,   160-168;  on  Pennair 


deUfl,  193:  IVHar,  201-303;  in 
iKc  Punjali,  1^6  (45:  mmor  \t\- 
uiidaiion  cnn^Isof  the  PnnjAlj,  142; 
between  Ravi  and  Bcos  rivers,  138; 
of  Scinde  and  Hoinbayi  204-315; 
of  bcindc  Pn>vincc,  r8iS9-90,  SJ'i 
$33  t  at  SiivAikunth&m,  192.  193. 
Navigation  work*,  major  ixnd  minor, 
2t5  n.  %  for  uhii:lL  C3j>ila]  and 
revenue  mccoutiU  arc  kept.  534  ; 
of  Bt-ngal,  1S90.91,  549.  53J;  of 
Madras  l*rcsidcDcy,  1890-91,  530, 
533*  of  North- West  Provinces, 
52S  ;  of  the  Punjab.  W?. 
Water-supply  works,  ts,  19  ;  andptit 
.schenic!!  of,  all  ^raviiatton  works, 
433  J  syslcni  in  Knylaml,  437  ; 
ancient  Kunian,  434*  435 :  C"'^" 
veyance  of,  to  towns,  443  ;  con- 
stant and  intermitlcnl  «y«teiiu  of, 
437 »  438  :  designing  of  works  fori 
439  ;  xuainiftg  nf,  442 ;  Altering 
of,  444  :  ohiaincd  by  inundation 
canab,  lio-nj;  for  loconioiivcs 
on  railways,  2Sj  ;  con^tniclion  of 
reservoirs  for^  439-442;  of  x.ovrv» 
in  India,  431-491  ;  of  Bombay, 
1856-1892,  445-454;  scheme  Jor 
Delhi,  49t  i  nt  Jul^bulpore,  4S3- 
4S9  ;  of  Karjichi,  477-4^2  ;  of 
Lahonv  47^-477  :  at  Lucknow, 
490;  of  Mndrn«,  details  of»  459- 
463 ;  NttgpuT,  details  of,  4fi3'47l  ; 
for  Sholapur,  4S5-43S- 
Sii  tiho  unJfr  Bridges,  Canali, 
Raltways  and  Telegraph. 

Workshops  at  Mndhnpur,  527. 

Wynaad  coffee  districts^  ^^5* 

Zabi  I  ha    K11AK    pattially  restores 
Eastern  Jumna  Canal,  I4(C 
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€  Books  on  india  and  the  £aat  pubtishtd  tt/  ^rchiitafd  ConaiahJe  d  Co. 
CONSTABLE'S 

HAND  ATLAS   OF  INDIA 

A   New  SERIKS  t3V  SIXTY  If  APS  ASD  PLA^^S  CRCPARRD  FKOU 
OKDKANCE  AN1>  DTlItR  SURVEYS  USDEIt  THE  DtRECTION  OV 

J.  a  BARTHLOMEW, 

//I        fHcroicOf  or  fut!  tfound  thlh^  ffitt  top*  l^. 

This  AiIas  is  the  jint  pubEicali^  n  of  its  kirn),  nnd  for  tourists  Attd  iravcUcra 
generally  it  will  be  foimd  parlicula.lj'  useful.  There  ctn  fjtvnf^-ttiv  pians  of  the 
principal  t^wm  of  6uf  /rith'an  £m/iire,  based  on  the  most  recent  surveys,  and 
oiEcialty  rcvUeU  tp  date  in  Inclb. 

The  Topogrn^hical  Scciion  Maps  axe  *n  accurate  retiuciion  of  (he  Survey  of 
India,  nnd  cont:  in  all  the  places  dcKfibetl  in  Sir  W,  W,  Hunter*s  ^Guclteer 
of  IndiA^*  acconling  to  his,  spellings 

The  Military,  Railway,  Telci^Taph,  and  Mission  Station  Maps  are  designed 
to  meet  (he  requirements  of  (he  Military  nnd  Civil  Service,  nl&o  misnoPartcs  and 
buancss  men  who  nt  picscnt  h*ve  no  mcjinj  of  obtaining  the  informfttton  (hey 
require  in  a,  hainly  form. 

The  imicx  cc  mains  upwards  of  (en  thousand  names,  and  wrill  be  found  more 
complete  thin  any  yet  £iueni]>ted  on  a  simiLai  scaie^ 

Further  to  increiise  the  utility  of  the  WQrW  as  a  reference  rolume.  An  AbiUftCl 
of  the  1891  Census  has  been  added. 

Ways  and  Works  In  India 

By  G.  W,  MACGEORGE 

Thts  volume  gives  a  concise  account  of  the  Native  and  European  Gnpineet* 
Jng  Works  in  India  from  the  eajlie$t  times,  wi(h  specifll  reference  to  CaOAU, 
Rajlwnys,  and  Bridges.  Of  these  there  an  ntifnt-rnu^  ilhixtraliotts  taken  trGsa 
photographs  md  (turn  original  tiravir(ng&  Two  Maps  and  an  Index.  £>emjrtv9, 
al*cut  600  pp. 

The  Mohammadan  Dynasties 

By  STANLEY  U^NE  K)ULE 

Cnnl.iinini;  Chronotogtcnl  TaMc»  of  all  the  I18  Dynasties  of  the  Mohamma- 
<Ian  Empire^  from  the  Fouudalton  «f  the  Caliphate  to  the  prcsetil  day.  With 
Ijricf  Histojtcal  N'.itice4  of  each,  rcdi|;Tccs  amf  Tables  of  their  connexion,  two 
coloutcii  Syn.*piic  Chart*  showing  their  relfl(ive  prtsitiona  in  tli&tory  and  Geo* 
paphy,  and  an  Index  of  all  the  Rulers.    Cwvn  Sctf       xjtii.  and  j6s.  PrU^ 

WORKS  BY  J.  W.  M'CRINDLE 
The  Invasion  of  India  by  Alexander  the  Great 

Bein^  IrnnsUtionA  of  t'  e  cla«Mcal  authors  who  describe  Alexander's  cam* 
paigns  in  Afghaiii^stan,  (he  .*anjlb,  Sindh,  Gnlrosia  and  KarmoLnia.  With  a  Life 
of  Alexander,  rj^id  otuncrous  Maps  anti  lUustTrntion*,  Dimj  8«v,  chtk  giii^ 
l&.  ml. 

Ancient  India  as  Described  by  Megasihenes 
and  Arrian 

With  an  tntTol4«:tioD,  Notes,  and  a  Map  of  AudciU  India.    Krtf,    ^.  mt. 


The  Commerce  and  Navigation  of  the  Erythraean  Sei 

Being  a  TranslatioD  of  the  '  Periplns  Maris  Eiythnei,'  and  of  Amofii 
Account  of  the  Vojage  of  Xearkhoa.   Szv.    $s,  rut. 

Ancient  India  as  Described  by  Ktesias  the  Knidian 


Ancient  India  as  Described  by  Ptolemy 

With  an  Introduction  and  a  Map  of  India  according  to  Ptolemjr.   &«.   5r.  «tl 

The  Rival  Powers  in  Central  Asia 

Translated  from  the  German  of  Joseph  Popowski  by  Arthur  Baej.vg 
Brabant,  and  edited  by  Chas.  £.  D.  Black.  With  a  hige  Map  of  the 
Pamir  Region.    Demy  Stv,  Map  in  Pocket.    I2t.  6tf. 

The  Ruling  Races  of  Prehistoric  Times  in  India 

By  J.  F.  HEWITT.    With  a  Map.    Demy  Sav. 

This  work  traces  all  forms  of  National  Government  to  the  primzenl 
Village  Communities  of  the  forest  races  of  Southern  India  ;  and  shoe's  bov 
these  Southern  farmers  and  the  Northern  hunting  and  pastoral  tribes  and  £re- 
worshipping  handicraftsmen  met  in  Asia  Minor,  the  second  cradle  <tf  the  civilised 
races.  It  derives  their  history  np  to  their  union,  and  afterwardst  when  they 
dispersed  through  Europe  and  Asia  as  com  and  fruit  growers,  from  tribal  and 
local  customs  and  institutions,  religious  and  historical  myths,  ritualistic  obser- 
vances and  symbols  and  linguistic  changes,  and  shows  the  great  histoTical 
importance  of  local  botany  and  zool<^  in  indicating  the  story  of  the  rise  to 
power  and  rule  of  the  imperial  races  of  the  early  world,  the  Kushika  and 
Maghadas  of  India  and  the  Semite  Kushitcs  who  made  Assyria  and  £g)'pt  the 
centres  of  civilisation. 

The  Original  Inhabitants  of  India 

By  GUSTAV  OPl'ERT,  Ph.D.,  Professor  of  Sanscrit  in  the 
University  of  Madras. 

*,*  The  main  object  of  the  work  is  to  prove  from  existing  sources  that  the 
original  inhabitants  of  India,  with  the '  exception  of  a  small  minority  of  foreign 
immigrants,  belong  all  to  one  and  the  same  race,  branches  of  which  are  spread 
over  the  Continents  of  Europe  and  Asia,  and  which  is  also  known  as  Finnish- 
Ugrian  or  Turanian.    Deviy  %vo,  cloth^  zos.    A  few  copies  on  lar^  f^pcr^  jC^, 

Burma  a  Hundred  Years  Ago 

As  descrilKfd  by  Father  Sangermano.  Edited  with  Notes  and  Introduc- 
tion by  the  Hon.  Mr.  Justice  Jarijine.    With  a  Map.    Demy  $vo.    los.  6d. 

A  Monograph  on  the  Coins  of  the  Hindu  States 
of  Rajputana 

By  Surgeon-Caitain  W.  W,  WEBB. 

With  twelve  Plates  and  a  Map  in  colours  showing  the  Mint  towns  in  Rajpu* 
tana.    Koyal^vo^  cloth  gilt  ^  i6f.  net. 

*  The  drawings  are  well  reproduced,  and  are  admirably  illustrative  of  the  book.' — Saturday 
Review. 

'  So  far  as  we  know^  this  is  the  first  book  that  has  been  published  about  the  coins  of  tbe 
Native  States  in  India.  — Acadtuty. 

*  Dr.  Wilfrid  Webb  has  written  a  scholarlyand  admirably  illustrated  moDOgn^h.'— .!Eji«a(irr. 


